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AN ACCOUNT, &c. 



r T~*HE furvey from which thefe calculations have 
been made was taken at and about the hill Sche- 
hallien in Petthfhirc, in the years 1774, T 775» ana< 
1776, by*the direction, and partly under the inlpection, 
of the Rev. nevil maskelyne, d. d. f. r. s. and Aftro- 
nomcr Royal, by whom the manner of making the fur- 
vey has already been fully explained in the Philofophi- 
cal Transactions for 1775. 

I have therefore only to give an account of the mea- 
fures of the lines and angles, and of the calculations 
which I have railed from them with all pofliblc care and 
faithfulnefs, for the purpofc of determining the meafurc 
of the ratio of the mean denfity of the earth to that of 
water or any other known matter. 

Thefe calculations were naturally and unavoidably 
long and tedious; and the more lb as the bulinefs was in 
a manner quite new, which laid me under the necellity 

A of 



D 



i Mr. button's Calculations to a/certain 
of inventing and defcribing fuch modes of computa- 
tion as fhould be proper to be applied in fo important 
and delicate a bufinefs. Having, at length, with clofe 
and unwearied application for a confulcrable time com- 
pleated all the calculations; 1 have, in the following 
flieets, drawn up an account of thole operations, with 
the refults ariling from them; and have accompa- 
nied them with fuch drawings as are neteffary to il- 
luftrate the defcriptions. I have alfo inferred a fynopfis 
of the meafures which were taken of the lines and an - 
gles, from which any perfon may at any time fatisfy 
himfelf of the truth of the computations that have been 
made and are herein defcribed. Thefe meafures I have 
here immediately fubjoined, before I proceed to defcribc 
the computations made from them. 
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A fynopjis of tbe horizontal and vertical angles that zvere 
obferved at the principal points in making the furvey 
about Schchallien. 

In the firft column are contained the names of the 
horizontal angles, the meafure of which, in degrees and 
minutes, arc in the fecond column, and the vertical 
angles arc in the third column, in w hich it is to be ob- 
ferved, that the letter denoting the object is placed before 
the degrees and minutes, and e or d after them, to fhew 
that they are in elevation or depreflion refpectively. 
The mark * placed to the meafure of any angle denotes 
that it is the mean of the two obfervations made with 
the inftrumcnt turned different ways; namely, after the 
firft obfervation, revcrfing it to make the fecond. Alfo 
the mean height of the theodolite is put down to each 
ftation. In the vertical angles, the bottom of the object 
is underftood, unlefs where the top is mentioned below, 
and fometimes the height of the pole is added in feet 
and inches. 
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4 Mr. iiutton*s Calculations to a/certain 



Ax A 


Theodolite 


— 4 ft. 10 in. 


At * 


TluoJoIitc 


= 4 ft. 81 in. 




C I 


0 / 






v.* 0 58 0 


DAB 


3> >5 




CFW 


17 27 


DAM 


77 3° 


N 12 2 2 F. 


GFK 


<tA ml 

7° 71 


K 9 50 E 


D AO 


102 36} 


O O 582 


CFN 


>°3 S7i 


N 17 42iE 


DAR 


>34 3'1 




C.F0 


»7* S4 


d 3 3/ 1 


N AC 


83 «3l 


N 12 20U 


HFC 


10 9 


C I 56 D 


SAO 


2 5 4 




IIFP 


60 41 


P 5 9 I 


OAS 


27 24 


s 5 25D 


IIFK 


65 58 


K 9 41 I 


OAR 


3« 55 


11 6 310 


Hf N 


93 49 


" »7 3Sl* 


Al B 
DBN 












81 8 




At 0 


Theodolite 


= 4 ft. 6J in. 


DBO 


101 4t 




DCF 


6 8 




DBA 


I 30 CO 














NCD 


59 4i 


■ 


At C 


Theodolite 


— 4 ft. 7J in. 


KCF 


65 49 




ACD 


126 6 




NCH 


101 9 




ACF 


93 34 




HCF 


166 57 




ACQ 


92 15 




HCD 


160 49 




ACH 


85 3'i 




HCX 


71 ni 




ACN 


49 10 


K 10 4E 


HCW 


4 3* 




ACB 


8 11 




PCF 


95 5 6 


F I 15 * 


At D 


I heodohtc 


*■ Or* 

= 4 ft. 8j jo. 


PGR 


30 61 


N l6 54 E 

(op of Cairn. 


ADC 


48 7 




PCS 


0 9 J 


K 10 IS E 


ADB 


8 45 




PGL 


6* 57 


L O 32 D 


ADN 


49 »4 


N lO 4OE 


PCW 


63 20 


W O 54 D 


ADW 


83 5*1 


n 10 39« 


PCM 


71 2 


H 3 O D 


ADH 


88 56 


A 1 I5E 




v 5 46 E 


ADO 


95 5 


O 3 I7D 






top of ball. 


A DF 


96 3 


» 3 34D 




1 
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Ai u 


ThcoJolitc = 4 11. 5f in. 






□ / 


CHF 


0 / 


0 1 


WLN 


38 5* 


N IO#56«E 


2 54 


G 2 (0 f 




oft r^f j 
3° S^l* 


CHD 






WLK 


60 33 


K IO # 24jE 


NHG 


49 44 


N 14 42 £ 




60 34 # 


NHK 


*9 17 




WLT 


115 38 * 


T 0#30 D 


w n w 


107 4? 


N 11 lO E tOD 


WLV 


126 5 S]# 


v o# 3 ;Jd 


NHW 


107 41 




WLY 


HO 53f* 


Y 2*35 D 


KHD 


65 59 
79 1 


K. 12 6 Etop 


WLF 


3 5*1* 


F o*38j£ 


KHC 




WLE 


62 12 # 


B 10* l6]E 


KHW 


| 7S 25 


W 3 2 E 


WL( 


38 41* 


t 4*34*1: 


WHP 


| 96 14 


P 7 39 E top 








wh; 


149 a 


p O 22 E 








who 


»57 2Sf 


0 2 55 E 


At Y 




— * ff S in 

— ^. 1 1. 0 in* 


At \v 


Theodolite = 4 ft. 5i in. 


TYK 






LWK 


107 a 7 j 


L O 25JE 


TVW 


70 50 J* 


*• 9*37* B 


lwp 


130 40 


p 5 43 « top 


TYL 


124 47 * 


l 2*35 s 


LWP 


130 41 




TYG 


I02 24l # 


g i#36{e 


IWN 


'33 48f 


N 12 36J E 


TYZ 


19 2li# 


z 3* 3i e 


I.WF 


175 a 


K 11 3C E 


TYV 


13 29i* 


v 3#26{e 


t w/% 
■ 


4 4« 


VYT 


13 28 * 


T 2# 4IE 


LWO 


178 21 




VYZ 


32 52 * 


Z 3* 3 |e 


LWH 


•93 »3 


H 3 14 D 


VVB 

VYK 


81 491 # 

82 53 * 


e 10*33 e 

K. IO*29 E 


At L 


ThtoJolitc 




— 4 ft. 9 in. 








VYN 


90 24 # 


K 9# 3 61e 


CLP 


37 « 


P 4 ).\\ E 


VYG ' 


116 52 # 


c »*35l* 


CLY 


»39 3 2 i* 


V 2 3SjD 


VY1I 


126 57 # 


H 1* O E 


WLG 


1 iS 


W 0# 4 0iD 








» i/i* 


V YW 


130 33 * 


W 2* 2 E 




O 0#3I E 


VYL 


'38 '4 * 


L 2#33iK 


WLP 


38 12 
38 


P 4*22jl 





At 



6 Mr. hut ton's Calculations to a/certain 



At v 


I lieoJolite 


= 4 ft. 11 in. 


1 


0 / 


0 / 
y 3* 8Jd 








2* 28 Je 


UZY 


117 21 # 


T\ Z 




z 


vzv 


134 4l* 


V 2#3l|D 




'7 -i * 




2* 26 


UZT 


»44 27H 


t 3Jfs6iD 


TVU 


34 -4i* 


u 


2*47iE 






U 2*4SiE 


TVS 


7° 43 * 

IT til 4. 

7 1 J ji* 


E 


Q-* 10 E 

9* 5iE 








TV'K. 


K 


At U 


Theodolite 


= 4 ft. 10 in. 




71 24 # 




9* Si 


ZUT 


1 8 20| * 


t 3#32io 


TV W 


112 33! * 


W 


0#25{E 


zuv 


28 54i* 


v 2 # 51 D 


T VL 


HQ C7 # 


L 


0*34 K 


zuo 


124 42 # 


O 4# IjE 


T VV 




Y 


3*3'i» 


ZUN 


125 9$* 


K 10 jf 




147 50 * 




3*28Jd 


zux 


120 24 # 


X lO ■if £"5 1 ^ 






T 


0 6 E 


If A 


•57 55 * 


A 1 # 36$ E 


At T 


Theodolite 


= 4 ft. 10 in. 


ZL'R 


t6o 37{* 


R 3#j8 D 


YTV 


18 41 i * 


V 


0* 8Jd 






Z 2 7r 5 1 ** 


YTL 






0*27iE 








30 1 * 


L 








YTU 


116 li>i# 


U 


3*- 3 I E 


J, v 
At X 


l iieoaoiiic 


— 4 7 


YTZ 


«33 3'i* 


B 


3*49l£ 


n v a 
O A A 


4° 591 * 


A A -U. I C ■ 






Y 


2 IO D 


oxs 




S 0*41.'B 
» ~ *T T . 0 


VTV 


i3 41 # 


Y 


2 Of 6 D 


oxa 


1 39 2^ ■* 


0 io#49»k 


V T L 




L 


0*30 E 




i;4 59 * 




VTE 


04. 2 * 
I ; - J I * 


R 
U 


9*42 E 

3*3'-i* 






on* 13U 


VTU 






1 


VTZ 


IC2 14* * 


7, 


3 * 5 3 E 


At • 

nt s 










V 


0 7 D 


R5 A 


18 27 


A 5 24 E 


At z 




= 4 


ft. t : i m. 


KSA 


18 28 


A 5 20jK 


Dill 


'o 53'* 


a 


0* 5O D 




72 51 


N l8 40 I 


LZA 


16 5 * 


A 


i*58iE 


RSO 




0 J3 i-;4e 


UZX 


16 iS * 


X 


1*5^ 0 


F SX 


171 I 


x 0 55|d 


I'V'.O 


33 u ' 


O 


3**S K 






n 0 r. 



At 
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rtt R 


ihetxioiitc 


— 4 It. 6 111. 








ibr E. »nd 

I'.IL S. 

We. 




xoz 


23 58 1*- 

<J »J X 


Z 4* O D 


• / 


0 / 






X ! I * iS U 


K.KN 


41 6| 




MOR 


16 ?6 ! # 


R 12* ^'D 


b'aa 

• 


20 36}* 


a 6#27{b 


MC/B' 


47 2 3 * 


h" 7#3vl» 


b"rn 


8.1 2 ■> 1 * 


V ^ / 2 


M\J \ 


73 3^* 


A 1 * C> 


b"ro 


ill 46] # 


0 II # 571e 


MOB 


81 22 # 


B 1 * 1 ! O tO] 


e"r»' 




»' 20* 2 E 


MON 


134 39 


M I? l6 


b"R|S 


'21 2jl # 


^ 15* 1 


KOK 


95 * 




B"R3 


'77 39 




M0»' 


»5 ( > 34 * 


«' 2.1 # 47 !f. t"P 
<jj . / 1 v 1 


l\'KZ 


'86 53i# 


Z 0 # 46 E 


Mi0 


•25 45 * 


£' 21 # 2g}i: 


its fup. 



'73 <4* 


O 12 29 E 


MOZ 
MOU 


(>5 5'i* 
43 5«I* 


Z 4* C D 

« 4* 31° 


At u" 






1 JicoJohic 


= 4 It. 10 in. 


MOX 


ih<-W.v-nd 




42 '3** 


X II#19 D 


'..l'lhe S. 






MOS 


6 34i* 


» lJ*22lD 


rd"s 


0 55! 


R O 37 D 


M it in ih« mrritlun partii' 
littl* Sooth of l!ic luted 


i ihroujh »»d ii 1 


RE'S' 








line ■ ». 




KB U 


■3/ 2 7 * 


0 / *35* E 


At p 


Theodolite 


— a fr J n 




5° 4vi * 


1 f * fl v 

* * 5 * 4° E 


[be N. oh- 






KD « 


fcr»jio4j. 






rb"« 




N 17*33 * 


NPK 


77 >8* 




RB A 


»39 ~l* 


A 11* 22|E 


CPK. 


'79 35l* 


u 5 39« D 








cm 


47 45!* 


n 7#32[d 









At o 

the S 


Theodolite 


— 4 ft. 7 in. 


CPW 


6y oj # 


w 5*37 » 


krraloiy. 






GPL 


80 9I* 


L 4*27jD 


XOS 


3S 39 * 


S !3*25ll> 


epp' 


20 54 # 


f' S* 6 n 


XOM 


4 2 '2i* 


M I3# I2]D 


CP/JI 


38 '8J# 


« 12 #20 0 


xoa 

XOB" 


5*> 49i* 
89 35 * 


R '2* 4 D 

b" 7 *39lD 


y 'p*- 

y'PK 


45 39 
2 551 


|by rcduaion 


XOA 


"5 43l* 


A o#59 D 


y' from f bem 30°4i'» 


E. of Soi:th. 


xou 


1 39 *' 


v 4* 4io 


i' from «■ bcin 14 w \\ 
m i» Mr. m.ios'i raark. 


'. 01 S«Ulk. 



At 



8 



At N 


Theodolite 


the \V< ft- 




cm < 1 irn* 




KNO 




KNR 


74 48} 


KNP 


SO 47 1 


KNi" 


9 37} 


KNy' 


2 111 


KN'A 


'33 53 * 


KNB 


146 15!* 


KNC 


178 331* 


i" n 
k u 


172 CI * 


KSn 


«44 371* 


KNO 


98 23 * 


KNH 


69 »3i 


KKn 


64 27 # 


KNW 


56 22 * 


K.NL 


49 7 * 


KNY 


18 50 # 


KN>' 


2 15 * 


KN'C 


» '51* 


km* 


9 37** 


KNC 


41 4** 


KM 


6o 44 * 


KNR 


74 48i#j 


knb' 


IC4 30 #1 



A//', hutton's Calculations to a/certain 

Theodolite = 4 ft. 8 in. 



= 4 ft. II in. 
}by reJ 



At K 

the Eafl. 



A I2*22'D 

B I I * I 7 D top 

C 10* 4 D 

d 10*39 Dt0 P 
n 4#3°i D 

G l6 # 55 Dtop 

Po'.c 4 It. 4 in. 

H 14 38 DtOp 

Pole 6 It- 5 in. 

m i8#5S d 

w i2#3S Dtop 
Pole 7 ft. 

I IO #55 DtOp 

Pok 0 It. 8 in. 
Y 9*37iDtop 

/ 7*;o o 

e 6 * 38 1 a 
t 6*2550 

U IO* UjDtfp 
S 18*41 D 
R 19*20 D 

b"i7*35',d 
K 6*4 3 jDtcp 



XKO 


• 

44 




NKR 


64 


Si 


NKP 


5' 


54 J 


NK1 


0 


4S * 


NKF 


43 


3'i* 


N'KC 


5« 


40 * 



NK« 

NKH 

KKH 
NKW 

NKL 

MCL 

rnv 

NKV 
NKE 
S'Ki' 
N KM 

ni^ 

»Xa 
«K> 

*'k3" 



55 I* 
81 28 

81 27J* 

97 »8 * 



J by reduction 
n 6*41 E 

H 6 * 36 E top 
F 9*46 Dtop 

Pole 4 ft. 2 in 

c 10* 16 Dtop 
Pole 4 ft. 4 in. 

C IO*l4$D 
a IO 3D 
H 12 7 DtO] 

Pole 6 ft. 5 in. 
H 12* siD 

W 11*28 D top 

Pole 7 ft. 

icq i9i*| h 10*25 D,0 P 
Pole 6 ft. 8 in. 

109 18J*! l to*23in 
153 40 *! Y 10*30 Dtop 
174 zo *; v 9* sJotop 
156 18 jr. 3 34 Dtop 
u 36 *: *' 6*3i]e 
m' 4*5>i E 
i- 6*53 E 
« 10 3ID 
« 10* 3{d 
39 16^* 3 S*s8Id 
37 3? I *' 6 3» = 



7 8 * 
6 si* 

54 25l* 



At 
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At . 


Theodolite 


= 4 It. 4 in. 


At n 


1 hcodolitc 


the K.end 
of the N. 


o / 


0 1 


-W turn. 


0 / 


Life. 


106 o # 




N 1 * 


1VJO 39 j * 


y.K 


K IO# 1 1 K 




128 3sU 


yaC 


IOI l 4 


c. O -It ^7 1 F 


kwf' 


128 55i # 




89 41 * 


N n#45ls 


K»y 


'35 4oJ * 




89 25 # 


* «3*49l E 


hlno 


»73 55 


t 


47 38 # 


F 8* OJE 


KffN 


38 281* 






# O 19 D 


KflB" 


102 545* 






y 0 0 top 

Pole 0 ft 9 in 

A *'<V < lit X J4I. 


On A 


53 49 * 








DIG 

dhp" 


/J 24 

78 44i 


At (9 

between a 


Theodolite 


=: 4 ft. 8 in. 


•nd ^ the 










end* aft he 1 










N. b»fe. 






DHH 


'°4 35 




«7+ 5» 


* 0 4IJC 


D»L 


124 34 


m$t 


»47 37i 


/' i*25i* 


DHK 


■73 55 


«£f' 


7« 49 * 


F' IO* 22\ E 


NllG 


»3 2 59 


«|S D 


t r»Q * I -1/ 

too 14 * 


d 9 * ' 7i E 






| »Pa 


70 e.81* 


n I 2 4fr C ? R 








7 1 57i* 


D 9*17/06 


At E 

the new 


Theoduliis 




108 ol# 


f' I07f 22jE 








m OJf 6 D 


X£A 


10 5 J# 


At y 


Theodolite 


= 4 ft. 8 j in. 


N E 


4 5°i * 


-he W.-A- 
ero end 




NKD 


4 5<I* 


i lie North 
hide. 






NEK 


2i Mi* 


-yF' 


50 6J# 


f' 8#23Je 


NEH 


78 A0{* 


*>» 


63 53** 




NEW 


94 '7 * 


my D 


97 51* 


D 9# 4 I E 








m O* 2 D top 


NET. 


106 2 1 T -* 






Pole 3 ft. 2 in. 







= 4 ft. 9 in. 
o * 

k 6#4o{o 

0 13* 7i° 
f' 14* ioJd 

y I2#29 D 
D 10*45 D 
N I 4 i D 
B"I7 3 ! D 
A I2#2l{D 

c '7* 3{o 

P"20* 2{D 
r' is * pole in a line 
with r iud k 

it 14#42{d 

L IO 56 D 

« '3*5'i° 

« 13#54 D 
s» wu = 93J feet Vy 
the Upe mcifure. 



in. 



A 6#22|E 

m' 4*45!e 

D 6#4ljK 
K 2JrIljE 

h 1 1 * 47Joto| 
Pole 6 it. 5 in. 

w 1 1 * 1 6 \ n tn ( 
Pole 7 ft 

L 10*17 Dto; 
Pole 6 ft. 3 in 



B 



i o Mr. ttttttoa** CuktitatiortS to njtertain 





151 16 # 






1 iieouoitte 


— 4 oj >n> 


KEY 


v 10*37 d 


the center 
of the 


0 / 


0 / 


NEV 


172 20 if 


v 9#t5 o 


tranfit in- 

(Irunr.rM 






NET 


172 2^t# 


T 9*4l{DtOp 


near the 

N. i/bfcrr. 






KE7. 


144 4b # 


O T 

z 9 # lojU 


m"/p' 


O z ■'+ * 


p' r. -'i t r> 


NEU 


114 20* # 


U IO# 4iD 


m"/g 




c c# c8Id 


at. a. 


68 35I* 


»' 6 #21 E 


n"tm 




m 12 * 12-1 D 


at) 


73 5°I* 


V 6# 3 7|e 


M IK 


14. 28 # 




. a en 


78 39i* 


n 6*33 e 


m"/ w 


35 2 j$* 


w 5*47*D 


a Kb 


97 17 * 


y 9# 5JD 
a' 8*27 d 


m"/l 

ffjtp 


46 22 # 
68 12 * 


L 4#35iD 
t> 1 2 * <o4e 








m/M' 


68 15 # 


M'22* 5 E 








At m' 


Theodolite = 3 ft. ioj in. 


mto 


'44 17 * 


0 5*57*° 1 


1 f merj. 
j^jn mark 
ti the top 
tf the Ml 






miH 


96 52 # 


h 7*43fo ! 






mtw 


75 56 * 


w 5*47*0 : 


South o(*7. 
KM't. ' 


3 28*# 


e 4*5 6 i n 


miL 


64 5 8 * 


i 4*37{d j 


KM > 


6 37l* 


y 6* 3iDt<i> 


mtP 


54 4i* 


P 17#42jD«OI> 


KME 


53 27i* 


L IO # 19 Dtop 






« 4* 3 K 




Po'.e 6 ft. 8 in. 


v bear* 1 S" W . of Korth. 

M - fcrirs South. 


IT %#'*■* 

K.M W 


63 I2t# 


w it #41 Dtop 
Pole 7 ft. 


r' in a 1 nc w nh k and r. 

f, a ]. u |r irnmrd lately abore or South of the mnfil 
infirumettt. 


km'h 


78 4i* 


H i2#56|nto|> 
Pole 6 ft. 5 in. 


At ;> 


Theodolite 


=r 4 ft. 5 in. 




86 33 |* 


m 22 # 12 D 


c/»m' 


•47 5 * 


m'22# 8Jb 


KM /> 


8 7 54 * 


ft 22* IO O 


opf 


133 6|# 


y 24* 18 e 


km'c 


108 49 # 


c 12 #33 otop 


CpF 


26 43 


f 5 26 V 




hole 4 it. 4 in. 


epp' 


0 34f * 


V' 9#23|D 


km'f 


118 3i* 


F 12 # 25 Dtop 


Cph\" 


32 47i* 


M"I3* 25fD 


km') 




Pole 4 ft. 2 in. 


Cpt 


32 48 


r 19 17 d 


176 ij# 


1' 12 # 8 E 


cpm 


38 o}# 


» J2*34io 






K 5 5" 


C/H 


47 11 * 


h 7#49iD 



G/>W 
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cpw 


68 3** 


w 5*5'i" 


K.»'o 


73 39 * 


0 33*52 0 


G/-P 


76 55i* 


* '3*491° 




28 4i* 


s ' 15* 56 io top 


CpL 

cpm 
opt. 


79 °i* 
121 24 * 

179 37 * 


l 4*39l D 
*' 4#5oi» 
e 17*39** 


k-V ' 


4 53i *' 
65 24 * 


r 7*35f top 

r 3 41 i to; 
Pole 17 ft. 4 i«. 


W is a pole a link itovc of 5*»uth of r. 




13 48 * 


/ i2*54io 








E«V t 


8 3 6|* 
2 49i* 


«' 8# 3jn 

E 6 30 D 


Mm' 
Wm' 
cm'}' 


MS 4i* 


V r 


Ea'K 


131 >» # 


Z 24*I2i£ 

( 








Gm'4 




A jJtil D 1 


/it p , 




= 4 f t 9 in. 


cm'/ 


34 43 


/ 13 15 D 


tjjl pole. 






G» F 


«3 1 * 


F 5*22$D 






G*V 




P' 19* 19 D 


a'fl'o 


56 47 * 


0 21 #45i-o 


Cfll'M'' 

cm'p 


32 *9i# 
37 6 * 


m"i3#23Jd 
p i8*i6{d 


«'p" B ' 
a'pV 


62 21 
84 46 * 


b' 10 #28^3 
R 15*«7 d 


cm'm 


37 49i* 


m 12*36^0 


a'ff M 


96 41 * 


m 17* 3l» 


Gm'H ' 


47 10 * 


h 7*49 d 


•'p"k 


114 s<* 


i5*4 2 i £ 


G«'w 


68 1 1 » 


w 5#49io | 
l 4#4o|d 1 

E 17*54 E • 








g«'l 

Offl'E 


79 

177 53 * 


At.*', 


Tlicofjqlic 


.= 4 ft- 4 in. 


At m 










PmK. 


»5 57 


K 15 O E 




5 6 5S2* 


p i8# 3J0 ! 


PIBJ 


37 " 


P 12 27 E 


N>'» 


55 i2] 
0 50, * 
8 i 7 i* 


' 17 49-' D 1 


At 


Tlicixlsjlitc 


.= 4 i t. 1 1 in. 


>< 7 '5 e | 
*' 7*59i« * 


K»R 


'49 3 <* 

'3' 3 * 
'02 7.t# 


K 6#43jp 

B ' 15*5'Jd 
R 20 # 9 n 


NyV 


'4 '7 * 
'5« 54i* 


7*3' e J 

k i.#34-ie ; 

N 7*2 J]E ' 



B 2 



At 
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At i 


1 hcodolite 


= 4 U. 4 m. 


tiveNotth- 
Ki M 


2 S3 * 


M'li#3ft{D 




4 29 -if 


/ 8* 8|d 


a.» m 


73 2 °I* 


If/ 24* O^DtOp 


Ki'f) 


74 35i* 


^24* 1.6iDtop 


Ki'» 


108 4$i# : 


s 12* 8jDt0p 

Pole 4 ft. 4 in. 


KiU 


164 19} # 


n 6 # 8|otop 




108 56 * 


K 7# 3 D 


K)E 


2 30! # 


b 6*49- d 




9 Si* 


a 8#50io 




113 20j# 






70 1 4 {# 


/ 24 aojo 


At f' 


Theodolite 


= 4 ft. 7J in. 


df'* 


56 24i ? o* 




df'p 


77 371* 




df'« 


174 40i# 


a 8#I2|D 


CI'* 


124 47 * 


0 10#30}D 


DF'v 


102 4 * 


y 8#28{D 


OF'/ 


77 4* 


d 7*11 I 


At/' 


Thcodoli. 


= 4 ft. 10 in. 




S7 7 


B i#37i» 


fl/i 


ii S 31 


k 0 41 0 


r'r\! 


17a 38 


r' 7*S°i E 



At i 


1 hcodollti: 


= 4 It. io{ in. 






0 / 


/'iF' 


4 4* 


F S 11 E 




34 47 


» O 27 D 


t'A3 


if j 


3 0 52 D 






t' 0 26 £ 


At 0 


Theodolite 


= 4 ft. in. 




"3 57i 


K 14 45 £ 




I C C 24 


Top of the cairn. 


baw 


80 4O 




bah 


59 48 






i ncooomc 


. — a ft f% in 
— — II. U 111. 


Ai A 
/\l 0 


43 35 


3 3 2 * 


abK 


18 49 


Nil 26 


abtt 




a S 39 


At J 

At a 


X IiCUvJUl iLv 


— — j f» a in 


fan 


14 II 


nii 33 K 


cda 


34 53 




CO M 


63 27 


it A 4^ r* 
tt U ^ v M 


cd\ 
1Kb 


rii 12 


L 6 42 0 


Atr 


Theodolite 


= 4 ft. 8 in. 


dth 


49 34 * 


L 7#2I{D 


den 


97 9 * 


k 9*i7{d 


dec 


136 9i# 


0 4#S 8 D 


dcK 


•»8 551* 


it »4*35i* 


d(T 


I 144 20 


F 4 24 D 



At 
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aI a' 


Thtojoiitc 


=: 4 ft. 10 in. 


At 


Theodolite 


= 4 ft. 8} in. 


zaV 


I02 48 * 


•' 7#5 6 * 


«Vi' 


0 , 

121 12j# 


6* I E 


la* 


97 Si* 


* 8# 10 B 






a' 9* 6 E 


ta'b' 


f>S 5»i* 










E«Y 


83 6 * 


/ II#20jD 


At/ 


Thcodoli'c 


= 4 ft. 5 in. ' 


la'i 


108 2l{# 


' 2*34i« 




169 I4i * 


I2 *3Si E 






E 7 I 9 B 






a' 2 48 d 


At b' 


Theodolite 


= 4 fr. 9} in. 








cVa' 


36 4«4* 


^ 5*441* 








c'b* 


53 a6 i* 


E 8*4liE 












d 4 41 0 









Several other angles and bearing of objects were taken, 
which, being of no ufe in computing the attraction of 
the hill, are here omitted. 

The foregoing tables, containing all the angles col- 
lected together which were obferved at the fame point, 
include all the horizontal angles that were at different 
times taken for afcertaining the relative places of the 
principal points and objects on a horizontal plane. The 
numerous other angles ufed,in finding the fections of the 
ground, are given hereafter, with their computed refults 
annexed to them. 

We now proceed to fpeak of the two principal bafes 
which were accurately meafured, as foundations on 
which every thing elfe muft depend; and firlt, 



Of 



14 Mr, hut ton's Calculations to a/certain 

Of the frteafure of the bafe rb" in Glenmorc, the valley on 
tbc South of Schehallicn, taken the 1 6tJ/ } fccc. of Sept. 



Here a and b arc the names of the two meafuring 
roils, which were laid down alternately in the order as 
expreffed in the following table of mcafures. The 
lengths of thefe rods, hy the brafs ftandard, when the 
thermometer was at 62|, were thus, vis. 

r-A=4bfeet 1*255 inch.^ ao- 104581 f 



The numbers following each rod, with the fign -t- inter- 
pofed, arc inches and decimal parts; and They denote the 
diftancc beyond the end of each Tod to the beginning of 
the next following rod; -and, therefore, the fum of all 
thefe numbers muft be added to the fum of the lengths 
of the rods themfelves for the total of the mcafures. 
Alio, as the firft rod began at 2 feet 8 inches from the 
point r, this number is to be added to the total laft men- 
tioned, to give the meafure of the whole bale fromR toB". 



1774- 




A + 8-29 
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a +8-29 

A -|-6" I ( 

b +666 

A +279 
B +P20 
A +2'07 

b +4io 

A +0-00 
B +1-78 
A +3-29 

b +2-85 
•a +6-39 
b +4-86 
a +6-o8 
e +858 
a +9"<>7 

B +-'*53 
a +228 

b +7*47 

A +24O 
•B -fS'4.* 
A +742 

p + 8-14 
a +8-77 



b + 3*45 
a + 3-80 
b +664 

A +7 76 
B +3-48 

a +4-87 
b +6-18 
a +8 70 

A +7'8 7 

b +4*75 

A +6*56 

■ +5*24 
a +7'9° 

B +6-32 
A +6-92 
-B +7-28 
A +634 

f +8-93 

A +5*39 
b +5-20 

a + 3*54 

-B 4- I 26 
A +3*20 
» +534 

a +3-74 



B +7'22 
A +191 
B +446 

a +1 95 

B +2«6 

a +4-S4 
b +448 
a + 3*»4 

B +3*38 

a +5 00 

B +4-85 
A 4-6-12 

B + 3*44 

a +6-18 

b +4-19 
a 4-4-5' 

B +3*04 

a 4-4*37 

B +2*96 

a 4-2-47 

B +3*90 

-a +57« 
* +3*97 

A 4-4-87 
8 +4^3 



a 4 3\34 
b 4 3 -6 S 

A +6-96 

b 4 3'°7 
a + 3*55 
a +2-93 

A 4 5*53 

» +5'33 
A 4-4-38 
B +3-67 
A + 512 

a 4 1 -06 
a 45-96 
b 4-2-47 
a 43-84 
b 4 5-57 

A -^2-63 

» + 7 4« 
a 4-3 " 
b 4-1-74 

A +2 - 07 

b 44*33 
a 4-5*93 

B +636 



a 4 4*47 
b +375 

A +4'74 

b 4- 3 06 

A 4 2 58 

n + 4*»5 
a 4 3*> 6 

B +464 
A +3-26 
B +4'l8 

A 4-4*04 
B + 2-92 
A 4 3-IO 

b 4-5-11 

A 44"6l 

» +3*34 
a +257 

B 45-80 

A +3*37 
B 4-2'58 
A -f 2-24 

B 4-3-48 
A +295 

b 4-2 88 



15 

A +3^9 
B 4 4-07 

a +1-75 

B +4*65. 
A 44^7 
B +3*23 
A 4-4-16 

b +5-73 

A +4'H 
B 44*9I 
A 43*18 
B +391 
A +5'28 
3 +29O 

a +4*39* 
b + 4*37- 
a 4-3**9 

B 4-212 

a +2-95 
b 4 3"3° 

A +2-82 

B +3 97 
a +1 37 

B 4 0-00 



The fum of all thefeis 74A + 73B + 669/28 inches, 

or 74 A + 73 B + 55'773 includ- 
ing the 1 feet 8 inches at the be- 
ginning of the meafurement. 

Now 
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■' "On 

Now 74A is = 1487*73892 N V 

73B is = 1468-04825 i: vf • ; 

The odd parts 55 773 - 

Sum 30 1 1*56017 = the bafe unreduced. 

But a reduction of this rauft be here made according 
to the ftatc of the thermometer, and for the wearing of 
the brafs 5 feet ftandard (fee Phil. Tranf. vol. LVIU. for 
the year 1768, p. 3T3, 8cc). Now the difference 
between 62 0 and 62] being ^, therefore 3011*56 
* 7*13^*1= 3011*56 x TT ^x 1 = 0-024 feet, is 
the fmall correction on account of the thermometer, 
and which being added makes the number become 
301 1-584 for the length of the bafe as reduced to the 
ftate of 62 0 of Fahrenheit's thermometer. But the 
brafs rod had been y^th of an inch lhortened by wear- 
ing, and it was originally r^th of an inch morter than 
the Royal Society's brafs ftandard yard, fo that it is now 
j^jdth inch ftiorter than that ftandard in the length of 
3 feet, or , 8 p 00 th part of the whole ; therefore fubtract- 
ing the -^sooth part, or '167 from the above quantity, 
there remains 301 1*417 feet for the corrected meafure 
of this bafe, or the true length of the line rb". 

The above meafures, as far as to that marked # in- 
-clufivcly, together with 10 feet io{ inches more, reach 

to 
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to a place to which they had before meafured with the 
tape line, and by it found to be 2844*8 feet; while 
the meafure of the fame by the rods is found to be 
2839-3 feet. The difference is $\ feet, a fmall part of 
which might be owing to the unliable ftate of the wooden 
(lands ufed in the firft quarter of the bafe; but the 
greater part of this difference is more likely to be owing 
to the uncertain way of meafuring with a tape, which, 
to fay nothing of the ground not being quite level, is 
liable to be ftretched more or lefs in length with dif- 
ferent degrees of tenfion, and to be varioufly warped in 
length by moifture. 



Of the mcafurenient of the bafe ctfiy in Rannoch, to the 
North-we/t of the bill of Schehallien. 

1 . One part of this bafe was meafured twice over in 
different ways. The part «/3 was carefully meafured on 
the 8th of October 1774 wkh a chain, and found to be 
63 chains and 40^ links, or 63*405 chains in length. 

Now on the 24th of the fame month the chain was 
meafured by means of the five-feet brafs llandard, when 
the thermometer was at 38 0 ;, and the length found to be 
°5'9454 2 fe ct - Hence then 65*94542x63*405 = 
41 8 1 • 269 is the length of all the chains, to which, add- 

C ing 
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ing 1*764 the breadth of tfae 63 iron pins, the fum if 

4? 83*033 for the length of at@ uncorrected. 

By* 62-38x=tt3i» therefore - 23^ x — i*_x4i 85 
=- 1 '056 is (the redu&ion op account of the #ate of the 
thermometer, which being applied with proper fign,. 
there pefujts 418 1-977 ; an4 from fhis laft number de- 
ducing agam 7*5co*& iW or -232, on account of the 
wearing of the hrafs ftandard, there then remans. 
418^745 feet far the length of the part a g of thebaic, 
in Ranaoch* as me^furerl by the chain. 

But as the chain was meafured not at the fame time 
with the bafe, but between two and three weeks later*, 
when the air was probably cooler, the reduction above 
made for the ftate of the thermometer is perhaps fome- 
thing too great, and we may fafely conclude «|S to be 
equal 4182 feet as meafured by the chain. 

*. The whole bafe afiy was next, on the 10th, 1 ith> 
and 1 ath of October, very carefully meafured by the 
twenty-feet meafuring rods. The rods at that time mea» 

furedthusJ^ 20 ^*'' 306 ^^ 20 ' 108 ! 1 feet, 

LB = 20 It. + I'354Ulch. = 20*1 12^ J 

the thermometer being then at 40°. The number of 
rods and the additional parts were as follows* 

A + 4*49 
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A +4-49 


a +399 


b +I-73 


B 4 3" 


b 42*43 


b 4t*«7 


B + 3 -a 9 


b 4**3 


A 4-2*41 


a 43*-6 


a 4i*97 


A 42-38 


A +6-57 


a +3**5 


b 4-2*99 


B 42*07 


b +I-74 


B 4267 


b 43*62 


b 44**9 


A 4-2*62 


A 42*22 


A 42*84 


A 42 07 


a + 3*4 


a +4*o6 


B + 2*l8 


B +4«3 


B 43*65 


B 41*84 


» +3 5* 


b +3*94 


A 42*72 


A 42*39 


A 4 1*62 


A 44-03 


* +4'SO 


a +3*64 


B +3*02 


b 42*68 


B 41*27 


B 4172 


b 4 3*62 


b +3*23 


a 4- 2*46 


A 42 09 


A 42'38 


A 42*14 


A +488 


A 4-3*76 


b 4-3-68 


B 41 97 


B 42*36 


b 41*80 


9 +2 74 


B +2^6 


a 4262 


A 4148 


a 42*57 


A 4l*2 7 


A +3'H 


A 4-3 38 


B 42*72 


B 4-3*20 


B 4-2*67 


b +188 


*• +4-3° 


B +3'29 


a 4-3 33 


A 42*62 


A 42* 4 8 


A 42*36 


A +35O 


A 4-3*65 


B +2'93 


b 42 37 


B 42 31 


B 4 2*04 


B 4- 3*26 


8 +3'5- 


a +3'*4 


a +2*47 


A +2*28 


a 42*37 


A 4*2*96 


A 43-8*8 


b +2*93 


B 43-48 


B +3*96 


B +177 


b +3-32 


B 4-2*29 


A 42'40 


a 43'»6 


A 44 87 


A 41-66 


a 45 93 


A +313 


B 4 2*o6 


B -f3*SO 


B 4 2*6 1 


B 4 2*26 


b 45«*> 


B +3*7- 


A +3*13 


A 42*33 


A 42*22 


a 4 1*97 


a +J43 


a 4-3 *3 


b 4-2*57 


8 4 2*37 


B 4x 63 


b + 1*77 


B +3-87 


b +3'»3 


A 42*85 


a 4-2*68 


A 41*87 


A 4 2 63 


A +<r37 


! a +5-43 


b 4287 


b 42 68 


B 42 41 


a + 318 


- 

B +3-48 


B 4-3'08 


A 4 4* 12 


A 4 2 70 


A 4a*62 


A 4 2 09 


A 44-86 


' A 43*57 


i 42-26 


b +2*68 


B 42*09 


'b +1*74 


B +4'87 


» 4-5*68 


: a 4 2 68 


! a 42*05 


; A 42*27 


A + 2*74 


A 43 08 


A +3*89 


s 4a 17 


B 4-3 09 


B 4 3*02 


b -f 4'49 


B +367 


B +2*78 


a 42 13 


A 42*50 


A 42*41 


A +2*60 




A +327 


B 4217 


B +2*52 


b 42*53 


b 42*45 


» +3-43 


B +I*8 4 


A +3*12 


A 4-2*62 


A 41*84 


A 4*'4l 


A +4'8a 


A 40*00 


B 4 2*70 


b 42*43 


B +2*b8 


B +2*67 


■ 4-4-46 


A +3H 


A 43 »7 


A +3*01 


a 42*37 


A 4 1*98 



Cl B 4 2*96 
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B -ft. 2*96 


a -J* i *66 


B +2*17 


B +2*27 
• ** J/ 


B 4-1-86 


B 4 2'40 


A. -4- 2*27 


B + I*C2 


A -f"3»"OQ 


a 4*2*86 


A 4-2*22 


A 4 2*11 


B +2*6o 


A + I *80 


B 4-2 - IA 


B 4- 2*42 


B +2*6? 


B 4 2*02 


A 4-3 08 


B 4- 2"C7 


A 4- 2'AC 


A 4-2*l6 


A +2*11 


A 4 2*67 




A 4-2*4C 
** • * *TJ 


O -|~ A 


B 4-2*21 


B 4-2'2C 


B 4-2*42 

** I ** TJ 


A + 4*70 
* ~*> /*-* 


B 4-0*00* 


A 4-2'^iO 
> * *V 


A + 2 - 7< 


A 4-2M2 


A 4-1*02 


« 4-2*l8 


a 4-2*26 


n 4- 2 'to 




B 4 5 TO 


B 4- ~ • - J 




B 4-2*7C 


A 4-2*82 


A 4-2*7 2 


a 4-2*4.8 


A 4-1 *OQ 


n +1-82 


A 4-1*7 7 


B 4-2*27 


B +2*14 


B 4-2*48 


B 4-2*17 


A 42"74 


B 4- I ' CC 


A 4-2*76 


A 4-I*C7 


A 4 Co 1 


A 4-1*82 


1, 4-2-^8 


A 4- 1*07 


b 4- 2*0 i 


B 4-1*77 


B 4-2*47 


B 4- I 'O 2 
** 1 * 


A 4-2*2 3 


R 4- 2*0-1. 
0 1 4 w *r 


A 4 2*c8 


A 4" 2*21 


a 4* 1*80 


a 4- 1 •6c 


m 4> 1*66 


A 4. 2*C*1 
A T * J** 


R 4- 2*31 


B 4/ 2* 1 1 


11 4-1 *on 


B 4-1 'OA. 


A +3-08 


B +2*15 


A +2*86 


a + 299 


A 4-2-81 


A 4-1-96 


B +2-31 


A +2*26 


B +2*67 


B +2-06 


B 4-2*44 


b 4-2*77 


A + 2*20 


b 4.237 


A +Z'H) 


A 4-2*36 


A 4-207 


A 4 2 25 


D +306 


a +1-94 


b +2-37 


B 4-1*77 


b 4-2-44 


b 4»*79 


A +2*36 


b +I-97 


a 4-2-93 


a 4-1 66 


A 4-2-II 


A 4-o*co 


B +2*24 


A +1-94 











Of the foregoing raeafures, the fum of all from the 
beginning to that marked # inclufiveiy, together with 
1 3 feet 2 inches more, brings us to the point $ before 
meafured to by the chain. Now to this place, by adding 
together the meafures, there are found to be 103 a and. 
102 b, and the fum of the parts is 586-71 inches. 



Thca 
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Then iosa= 103 x 20*1081 = 2071*210 
102 b =102 x 2o*ii2|= 2051-509. 
586*71 inches = 48*893 

13 ft. 2 inch. = 13*167 

Hence a. & (unreduced) is 4 1 84* 7 7 9 

But fince 62 - 40 = 22, therefore the reduction for the 
ftate of the air is - 22 x 77^— x4i85 = -*989, which 
being applied to the above fum, there remains 4183*79 
as correfponding to the ftate of 62 0 of the thermometer. 
From this laft number deduct its r^th part, viz. '232, 
and there refults 41 83*5 5 8 for the correct length of the 
part as determined by this very accurate method; 
which is but about a foot and a half more than what it 
was found to be by the lefs accurate meafure by the 
chain, which is a nearer approach to an equality than 
could well be expected. 

To determine now the whole length of the bafe cty% 
by taking the whole fums there are found to be 1 46 a 
with 144B and 779*78 inches of the odd parts. 
Then i46a = i46x 20*1081=2935*890 
144B = 144 x 20*1 1 2{= 2896*248 
779*78 inches = 64*982 

The fum or a y (unreduced) is 5897*120 



The.' 
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The correction for the thermometer is - 2 2 * jy^~ 
x 5897 = - i *394> which being applied fa the number 
above, there refults 5895.726; and tins again being du 
miniflied by its Ts^ooth part, or '327, there remains 
5895*399 feet, for the correct meafure of the bale ay 
in the vale of Rannoch. 

There is no occafion here to explain the manner of 
meafuring thefe two bafes by the twenty-foot rods, as that 
has been very circumftantially done in vol. LX V. of the 
Phil. Tranf. for the year 1775, by the rev. Dr. maske- 
lyne, the learned and accurate conductor of this very 
important experiment. 

The following fllorter lines were alfo meafured as they 
happened to be wanted in different parts of the furvey. 

Feet. Inch. 

ct'S' =269 4 

N» = 93 
Kt = 94 10 

ke = 240 ro 

at = $ 9 

an - 7 ro 

ctt - r ii 



inch. 

4 1 

^ > nearly horizontal. 



ma — 70 

mt - 68 

mp~ 63 

pt = 27 



"I 



not horizontal. 



The 
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The other meafures that were taken for determining 
the fettions will be delivered afterwards, when the re- 
fults or computed altitudes have been obtained, in order 
to he placed oppolke to their correfpondent angles. 

Having now obtained, to a great degree of accuracy, 
the meafured lengths of two lines which were to ferve 
as bafes for all the future calculations, the next eonfide- 
ration was how to make the propel ufe of them. 
Eyery other Une or defiance, drawn or conceived to be 
drawn, muft be calculated from them by the help of the 
angles obferved eitlier at their extremities, or at all the 
other points and Hations in the furvey and plan. As thefe 
two bafes are fituatcd in the low parts of the country,, 
from whence but a very few of the other principal Na- 
tions are viiible, one method evidently is to compute im- 
mediately from thefe bafes fuch of the great lines in the 
furvey whofe extremities are vifible from them; and 
then from thefe calculated lines to compute others next 
to them, and fo on quite around and within the whole 
figure. In this manner feveral values of each line will 
arife, both from the double computations by the two 
meafured bafes, and from the various fets of triangles 
which can be formed from the very numerous ho- 
rizontal angles which were obferved at the feveral 
ftations. But in tl>is mode of computation, after 

great 
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great labour and pains, I had frequently the mortifica- 
tion to find that the feveral values of the fame lines 
would differ fo greatly one from another, that I was 
often very doubtful whether I could rely on any of them, 
or even on the mean among them all. Thefe differences 
arofe from the fmall errors in the obferved angles, which 
in fome degree are unavoidable; and indeed they were 
lb fmall, that the fum of the angles of the feveral tri- 
angles which were ufed in the calculation fcldom dif- 
fered by more than a minute or two from 1 8o°. But in 
a long connected chain of triangles, dependant on one 
another, the effects of fuch fmall errors at length be- 
come too great to be tolerated in a computation requiring 
much accuracy. Another method is, firft to compute 
from both bafes the length of the line kk extended along 
the ridge of the hill from Eaft to Weft, and from it, as a 
fecondary bafe, compute all the other lines in the plan. 
This method admits of much more accuracy than the 
former, fuppofing this fecondary bafe to be truly af- 
figned; becaufc that, from the elevated and central fitua- 
tion of this line, all or moft of the other points in the 
furvey are vifible from one or both of its extremities, by 
which it happens that the other lines are moftly deter- 
minable from it alone, without fo clofc a connection with 
one another as in the other method of computation. By 

both 
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both of thefe methods then, and by all the triangles 
furniflied by each of them, I computed all the princi- 
pal lines in the plan, and either took a mean among the 
feveral values of each, or elfe felected out of them fuch 
one as from various circumftanccs I judged it fafcft to rely 
upon, as neareft the truth. The trigonometrical compu- 
tations were always accurately made, and generally re- 
peated by logarithms, and the refult of every proportion 
determined to two or three places of decimals. I fliali 
here abftract the mean or corrected values of fome of 
the principal lines or horizontal diftanccs fo computed, as 
well as the fecondary bafe kn from the Eaftern to the 
Weftern cairn. 

The mean among a great number of ways of compu- 
tation from the South bafe gives the horizontal diftance 
from k to n = 4052*2, and the mean of all the remits 
from the North bafe «.$y gives kn = 4058-9, and the 
mean between thefe two gives 4055-5 for the mean 
diftance of k and n. And this value of kn was ufed in 
computing moft of the other lines, whofe mean remits 
arc as here follows. 
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ay = 5895*4 the Northern bafe in Rannoch. 
rb" = 30 1 1-4 the Southern bafe in Glenmore. 
nk =4055-5 the diftance of the two cairns. 
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From the three firft lines, or bafes, and the horizontal 
angles obferved at the feveral ftations, a very large and 
accurate plan of the whole furvey was conftructed, form- 
ing a map of four feet long by four feet broad, which 
was verified in every part by the meafures of the com- 
puted 
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puted lines, both thofe above-written and others, and 
they were generally found to agree very exactly, accord- 
ing to the icale by which the plan was conftrucled. The 
ufe of this large map was to receive and admit of the 
diftinct and accurate exhibition of the figures in their 
true places, cxprefling the number of feet in elevation or 
depreflion with refpedl to each obfervatory of every 
point and fection of the ground whofe elevation or 
depreflion might be obferved. But before I proceed to 
the computation and construction of the points in the 
fedlions, I mall here abftract the numbers which exprefs 
the relative elevation of the principal original points in 
the furvey, being the extremes of the lines whofe lengths 
are above abstracted. Thefe few numbers are the refults 
of the calculation of feveral hundreds of triangles con- 
ceived in a vertical pofition, their bafes being either the 
horizontal lines above-written, or other lines drawn as 
diagonals between many diftant points in the furvey, ac- 
cording to the number of vertical angles which had been 
obferved; and of thefe bafes, whether real or imaginary, 
each generally afforded two vertical triangles, as the 
angles of elevation and depreflion were taken alternately 
at both ends of the lines. It is fcarcely nccefTary to re- 
mark, that all thefe triangles are right-angled, the com- 
mon bafe being one of the fides about the right angle, 
and the other the difference in altitude between the two 

D 2 given 
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given points or extremes of the bafe; and this difference 
in altitude is found from the application of this propor- 
tion, as radius is to the tangent of the angle of elevation 
or depreflion, fo is the given bafe to the altitudinal dif- 
ference between the two given points, exclufive of the 
height of the theodolite or other inftrument, which was 
afterwards allowed for. From the refolution of all thefe 
triangles, and taking the means of the many correfpond- 
ing remits, were obtained the following numbers, which 
mew how many feet the points denoted by the letters 
{landing againft them are below the level of the point n 
or the Weftern cairn. They are all referred to this point 
n at the Wertern extremity of the ridge of the hill, De- 
cani* it is the molt elevated point in the whole furvey. 
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Thefe depreflions, and thofe of feveral other principal 
points, were firft carefully computed by means of vari- 
ous different bafes, as fo many places from whence the 
fections were to commence. 

Thefe 
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Thefe fections are very numerous, made in all direc- 
tions from the primitive points before mentioned, and 
many of them extended to great diftances far beyond the 
bounds of the plan hereunto annexed, fo as to include 
the nearcft hills and valleys of the furrounding country. 
They are moftly made in vertical planes in the manner 
defcribed in the article of the Phil. Tranf. before refer- 
red to, excepting fome few of them which are level fec- 
tions in planes parallel to the horizon,, and fome indeed 
irregular as being neither vertical nor horizontal. To 
compute the relative altitude of each point in thefe fec- 
tions, it is evident, requires the refolution of two different 
triangles, viz. a horizontal triangle by which its place in 
the plan is afcertained, and a vertical triangle of which 
one fide is the elevation or depreffion of the point. Of 
thefe fections there are above 70, containing near 1000 
points,, whofe places in the plan and relative altitudes- 
have been computed : fo that the number of triangles,, 
whofe numerical refolutions have been performed in the 
courfe of this bufinefs, amounts to feveral thoufands. 

Before the abftraft of the computation of the fedtions, 
1 fliall here put down at large tlie calculation of one of 
them, to (hew the manner in which they have been com- 
puted in the readieft and eafieft way that occurred to me,, 
preferring at the fame time the proper degree of accu- 
racy. 
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racy. I (hall for this purpofe fcledl the third fedtion as 
not containing fo many poles as fome of the others. Th is 
feftion commences at s, and is car- p 



mark, the places of the poles, whofe angles of elevation 
or depreflion were taken at s with a proper inftrument, 
and they are written in the fecond column of the table in 
this example. At k were obferved the feveral horizontal 
angles, which lines fuppofed to be drawn from thence 
made with rs, and thefe are placed in the third column. 
And fince in every triangle rs/>, the angle s is conftant, 
and the fum of r and p is equal to the conftant quantity 
75°: therefore each of the angles r, or the numbers in 
the third column, being fubtradled from 75°, there re- 
mains the correfponding angle p : and thefe remainders 
are placed in the fourth column. Then, fince the me- 
thod of folution is this, as f./> : f.R : : rs : s/»= j£ x rs ; and 
again, as radius (1) : tang. elev. : : s/> : alt. of p above s = 
s/>x tang. elev. = ^ x rs x tang. elev. Or in logarithms 



ried up the hill in a vertical plane, 
making an angle of 1 05 0 with the 
line rs. The direction of this 
plane is here reprefented by the 
line sppp making with rs the an- 
gle rs/>=io5°. The points ppp &c. 




From — 1 8o* 

Take z.s= ic$ 

Leaves Z. p— 7S 
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f.R-f.^+RS +tang. elev.=log. of the altitude of the point. 
Wherefore having taken, from a table, the fines of r and 
/>, and placed them in the fifth and fixth columns, fub- 
tract the latter from the former, and write the remain- 
ders in the next or feventh column ; to thefe add the con- 
ftant logarithm of rs, and write the fums in the eighth 
column; take out then the tangents of the angles in the 
fecond column, and having placed them in the ninth co- 
lumn, add together the adjacent numbers of the eighth 
and ninth columns, placing the fums in the tenth co- 
lumn, which being the logarithms of the altitudes or 
depreflions of the points />, take the correfponding num- 
bers from a table. of logarithms, and write them in the 
eleventh or laft column, for thofe altitudes or depreflions 
with refpect to the point s, with the height of the theo- 
dolite included, and which is afterwards allowed for, its 
height being generally alxnit 4^ or 4^ feet. In the fecond 
column d denotes depreflion and e elevation ; in the laft. 
column d denotes depreflion and a altitude. 
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Thus then every line in the table contains the folutions 
of the two triangles, the one horizontal and the other 
vertical, ufed in finding the altitude of each point or pole 
in the fection. The addition of the conftant logarithm of 
the bale rb to the logarithms in the feventh column, is 
moft eafily performed by w riting it on the bottom of a 
little flip of paper, and fo Hiding it down fucceflively 
over each of thofe numbers, and in that pofition adding 
them together, and placing the fums immediately oppo- 
fite in the next column. 

And in this manner were computed the relative alti- 
tudes of the points in the other vertical fections; except- 
ing two or three cafes, in which the conftant angle formed 
by the fection and the bafe was a right angle; and one 
cafe in which the vertical angles were not taken at the 
beginning of the fe&ion line, but at the other end of the 
bafe line where the horizontal angles were alfo obfervecL 
It may be neceffary, therefore, to infert and explain an 
example of each of thefe cafes, and the more fo as they 
point out the propereft means of meafuring thefe fee- 
tions fo as to fave moft part of the labour in the compu- 
tation, in which the trouble chiefly confifts* 

Of the cafe of the right angle, the A P 

firft fccYion is an inftance, where alfo rs p 



is the bafe as before, and the angle rs/> 
being = 90 0 . 

£> 
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In this form there are three columns lefs than in the 
former, by which it happens, that about one-third of the 
labour is faved. The method of folution is thus; as 
1 (radius) : tang, r :: rs : s/> = rs x t.R; and again, as 
1 : tang. s (vertical angle): :s/>:s/>xt.s=Rsxt. R.xt. s. Or, 
in logarithms, log. RS + t.R + t.s=log. of the vertical per- 
pendicular: and by this theorem, it is evident, the co- 
lumns of this table are conftru&ed. 

But 
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But nearly the fame faving in the great labour of 
computation would be made if the vertical and horizon- 
tal angles had both been taken at the end of the bale 
fartheft from the beginning of the fc<5lion. And this 
method would alfo be much the cafieft in making the 
furvcy on the ground, as there would then need only one 
obfervcr with an inftrument to meafurc both horizontal 
and vertical angles; and any perfon, without an inftru- 
ment, could direct in a line the perfon who moves and 
places the poles, or he may even direct himfelf after his 
firft pole has been placed, by means of a back object, as 
is commonly done in land furveying. 

Of this kind there happens to have g t P f 

been one fedtion taken, proceeding \ / / 

\ j / / . 
from o, and making with op an angle \ \ / / 

of 85% p being the Northern obfer- w \ •;■< . 

vatory, and where both the bearings ** 

and dcpreflions of the points p in the 

fcftion line were obferved. 

Log. 1 

pg 3 68 2 6 2 J w ]j j s a conftant number from which 
the lines of p in the fifth column are 



f.o 9-998341 



Stne n 
to be 



Sum 3-680961 to be deducted. 
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Here it is evident is a faving of two of the moll labo- 
rious columns in the table. This happens becaufe that 
in every triangle pg/> there arc now content thofe two 
parts which are ufed in the proportion made ufc of in 
the calculation, vis. pg and the angle o. For then it is, 
as f./> : f.o : : pg : p/>,or log. p/>=log. PG4-f.G-f./>; fo that 
the fum of the logarithms of pg and fine of z. g is a con- 
tent number, from which the numbers in the fifth co- 
lumn are to be fubtracted, to find thofe in the fixth co- 
lumn. The reft of the work is the fame as in the firfr. 
example. 

As to the irregular feclions, the computation of them 
differs fo little in manner from that of the ufual vertical 

fcclions, 
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fections, that an example of it is unneceffary: and the 
few horizontal feclions need no computation, but only an 
allowance for the height of the theodolite. 

In the following abftract of the refults of the compu- 
tation of the lections, the firft column contains the num- 
ber of the pole, the iecond and third the vertical and 
horizontal angles, and the lail the difference of altitude in 
feet, between the foot of each pole and the point from 
whence the vertical angles were obferved, after making 
the allowance for the height of the theodolite above the 
ground. At the end of this abftract is a plate of the 
figures referring to the number of the fection, (hewing 
the direction in which it was carried, with the degrees 
and minutes in the angle formed by it and the bafe 
line. 
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The following arc the irregular fections. In the 
firft column is the number of poles; in the fecond the 
vertical angles; in the third and fourth the two bearings 
or horizontal angles at each end of the bale; and in the 
fifth the computed refult, being the difference of altitude 

■ 

between the foot of each pole and the point mentioned 
in the fecond column where the vertical angles were taken. 
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The three following fections were taken in a manner 
different from all the reft. They were made by mea- 
furing in a ftreight floping line (or nearly ftreight) from 
certain points towards k and n, and at the beginning of 
the line taking the angle of elevation or depreflion of fe- 
veral places or points in it, whofe diftance from the be- 
ginning were meafured. In thefe cafes each diftance is 
the hypothenufe of a right-angled triangle, and the 
manner of operation is this, as radius is to the hypothe- 
nulc or meafured flope diftance, fo is the line of the ele- 
vation or depreflion to the difference of altitude, and fo 
is the cofine of the fame vertical angle to the horizontal 
diftance. 



section 70, from m' to k. 
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siCTiotf 71, trom a'\o k.sec I ion 72, from J'tbN. 
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Befwles theic fecTtoJis there were many more (ingle 
points, wbofe places and relative altitudes were obferred 
and computed, but k is not neccflary to abftract them all 
here. 

The following plate (Tab. v 1 i 1 .) has 7 2 figures anfwer- 
mg to thefe 7 2 feetiohs, each to each, accbrdkig to the 
members. In theie figures, the line having the letters p,p^ 
f>,&c. annexed is the fec"rion line, the letters p,p,8cc. de- 
noting the poles; the other line, forming the angle with 
the fection, is the bafe line; and between them arc the 
degrees and minutes contained in the angle formed by 
them; at the angular point wasobicrved the elevation or 
deprefhon of each poirit p, and the bearings or hori- 
zontal angles were obferved at the other end of the 
bafe, from whence faint lines are drawn to Forrte of the 
points p forming with the bafe line thofe horizontal 

angles. 
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angles. The bafe and fection lines in each figure are alfo 
drawn nearly in the fame direction as they are in the 
plan or on the ground, fuppofing the top of the paper to 
be the North, towards which a perfon looks when view- 
ing the ground from the South. 

Having finiflied the computation of the relative alti- 
tudes of all the points, the next confideration is how they 
are to be applied in determining the attraction of the 
hill. In whatever manner this laft mentioned operation 
may be performed, it is evident, that all the points and 
fe&ions with their altitudes muft be entered in the plan* 
Wherefore, having accurately conftructed a large plan of 
the ground, as before mentioned, containing all the prin- 
cipal lines or bafes, at the extremities of which either ver- 
tical or horizontal angles were taken, from them I then de- 
termined in this plan the places of all the other points in 
the fections, whether vertical, horizontal, or irregular. 
Thefe places or points were determined by. drawing lines 
from each extremity of the bafe lb as to form with it 
angles equal to thofe which were obferved on the ground 
for each correfponding pole; the interactions of thefe lines 
are the places of the poles, which having marked with a 
fine dot or point of ink, and written clofe to each point 
the proper number expreflirig its relative altitude, and 
cleaned the paper by rubbing out the lines forming the 

H 2 angles 
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angles by which the points were determined, there re- 
mained only the points with the figures exprefling their 
altitudes diltinctly exhibited in the plan (fee tab. ix.) 

It remains now to apply all the foregoing calculations 
and con ft motions to the determination of the effect of 
the attraction in the direction of the meridian. And 
here it foon occurred, that the beft method was to divide 
the plan into a great number of fmall parts, which may 
be confidered as the bafes of as many vertical columns or 
pillars of matter into which the hill and the adjacent 
ground may be fuppofed to be divided by vertical planes, 
forming an imaginary group of vertical columns, forae- 
thing like a (ct of balaltine pillars, or like the cells in a 
piece of honey-comb ; then to compute the attraction of 
each pillar leparatcly in the direction of the meridian; 
and laftly, to take the fum of all thefe computed effects 
for the whole attraction of the matter in the hill, &c. 
Now the attraction of any one of thefe pillars on a body 
in a given place may be eaffly determined, and that in 
any direction, to a Sufficient degree of accuracy, becaufe 
of the fmallnefs and given pofition of the bafe; for, on v 
account of its fmallnefs, all the matter in the pillar may 
be fuppofed to be collected into its axis or vertical line 
erected on the middle of the bafe, the length of which 
axis, as the mean altitude of the pillar, is to be cftimated 

from 
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from the altitudes of the points in the plan which fall 
within and near the bafe of the pillar: then, having 
given the altitude of this axis, with the pofition of its 
bafe, and the matter fuppofed to be collected into it, a 
theorem can eafily be given by which the effect of its 
attraction may be computed. But to retain the proper 
degree of accuracy in this computation, it is evident that 
the plan muft be divided into a great number of parts, 
perhaps not lefs than a thoufand for each obfervatory, 
in order that they may be fufficiently final), and by 
this means forming about two thoufand of fuch pillars 
of matter, whofe attradtions muft be feparately com- 
puted, as mentioned above. The labour and time ne- 
ceflary for fuch computation, it is evident, would be very 
great, perhaps not lefs than thofe employed in all the 
preceding computations of the fections, and all the other 
points and lines concerned in this bufinefs. For this rea- 
fon I was defirous of obtaining a theorem or method by 
which the attractions of the fmall and numerous pillars 
might be computed with the fame degree of accuracy,, 
but with lefs expence of labour and time than when 
computed feparately as above mentioned. And in this 
inquiry the fuccefs has been equal to my wiflies, having 
at length met with a method by which the bufinefs has 
bctin effected in perhaps one-fourth or one-fifth of the 

time 
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time that would have been required in the other way* 
This method I have investigated partly from fome hint* 
of the honourable henry cavendish, f. r. s. and partly 
from fome of my own, which had been communicated 
to the Aftronomer Royal in the years 1774 ^d" x 775 • 
of which method and its investigation I (hall now give 
fome account. 

Of all the methods of dividing the plan into a great 
number of fmall parts, I have found that to be the moft 
convenient for the computation, in which it is firft di- 
vided into a number of rings by concentric circles, and 
thefe again divided into a fufficient number of parts by 
radii drawn from the common center, that center being 
the obfervatory where the plummet is placed on which 
the effect of attraction is to be computed. By this means 
the plan is divided into a great number of fmall quadri- 
lateral fpaces, two of the qppofite fides of which are 
fmall portions of adjacent circles, and the other two are 
the intercepted fmall parts of two adjacent radii, as ap- 
pears by fig. 1. tab. x. in which, for the prefent, 
let the circles aftd their radii be fuppofed to be drawn at 
any distances whatever from each other, till it (hall ap- 
pear from the theorem to be inveftigated what may be the 
propcreft cli&ances and pofitions of thofe lines. In this 
figure a is the obfervatory, an the meridian, nae an 

Eaft- 
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Eafr-aikMVcft line, bcde one of the little fpaces, and 
its center or foot of the axis of the pillar whofe bafe is 
bcde; the figure awnea being a horizontal or level fcc- 
tion through the point a. Join a, F*«nd with the center 
A deferibe the middle circle gfh. Let a denote the length 
of the axis on the point f, or the mean height of the pil- 
lar on the bale bd ; and s — the fine of the angle of ele- 
vation of that pillar as obferved at a> to the radius 1, or 

s = . Then will the magnitude of that column 

6r its quantity of matter be ex£retiF.<l fey —-xfitktf, 

which is luppofed to be all colletted ihVb the axis: con- 
tequehtly, if the attraction or" each particle of matter be 
in the reciprocal duplicate ratio of its diftance, the attrac- 
tion bt the matter in the pillar, fo placed on the plum- 
met at A, in the mrection or the meridian Ate, Will be 

2A - y x BE x a x £ x C— & Ar X BE X SC = ~ x BEx SC 

nearly, fuppofmg f to be equally diftant from bc and 
ed, and 6 the cofine of the angle fan to the radius 1. 

But x c £s nearly etjual to d the difference t>f the 

tines bi" me angles ban, cAn, as fs thus demonftrated, 
t>raw fcx, fl, 4ft, perpendicular, and or parallel to aw; 
and draw the chord oft. f hen Ak, Ato are the fines of 
the angles gAn, kAtt, to the ramus Af, their differente 

being 
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being km = gp ; alfo fl is the cofine of fan to the fame 
radius : confequently gp : fl = d: c. But the triangles 
lfa, pgh are equiangular, and therefore gp : fl=gh : af. 

Confequently gh : af = d : c ; or — x c = d. This equa- 
tion is accurately true when gh is the chord of the arc; 
and as the frnall arc differs infenfibly from its chord, the 
fame equation is fufficiently near the truth when gh is 
the arc itfelf. Subftituting now d inftead of the quantity 

^7 x c in the theorem above, it will become BExds for 

the meafure of the attraction of the pillar whofe bafe is 
bd in the direction an. Which is as eafy and fimple an 
cxprcfliori for the attraction of a fingle pillar as can well 
be defired or expected. 

But to make the application of this theorem ftill more 
cafy to the great number of fmall pillars concerned in 
this bufmefs, let us fuppofe be and d to be conftant or in- 
variable quantities, and then it is evident that We lhall 
have nothing more to do but to collect all the j's or fines' 
of elevation of all the pillars into one fum, and then ' 
multiply that fum by the conftant quantity bex*/, by v 
which there will be produced the meafure of the attrac- 
tion of all the pillars, or of the whole part of the ground 
on one fide of we. Now be will be made to become 
conftant, by making the circles equi-diftant from one . , . 

another, 
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another, or by taking the radii in arithmetical progref- 
fion. And d will be conftant, by drawing the radii ib as 
to form with an angles whofe fines fliall be in arithme- 
tical progreflion; for then d is the common diiference of 
the fines of thofe angles. Hence then we are eafily led 
to the beft manner of dividing the plan into the fmall 
fpaces, viz, from the center a defcribe a fufficient num- 
ber of concentric and equi-diftant circles ; divide the ra- 
dius ai of any one of them into a fufficient number of 
equal parts, and from the points of divifion erect i>erpen- 
diculars to meet the circle; then through the points of 
interferon draw radii, and they will divide the circles 
in the manner required. 

In a computation of this kind, we need only calculate 
the attraction of the matter above the plane or horizon 
of each obfervatory, and the attraction of fo much matter 
as is wanting to fill up the vacuity below that plane lying 
between it and the furface of the lower part of the hill. 
For the South obfervatory, the attraction of the Southern 
parts that are above it muft be fubtracted from that of 
the Northern parts, to obtain the attraction of the whole 
towards the North; that is, the Southern elevations are 
negative, and the Northern ones affirmative. The con- 
trary names take place with refpect to the deprcflions, or 
the vacuities below the plane of the obfervatory ; for if 

I the 
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the whole fpace below this horizontal plane were full of 
matter to an equal extent both ways, its attraction need 
not be computed, as thofe on the contrary fides would 
mutually balance each other; but fincc there arc unequal 
vacuities on each fide, it is evident, that the attraction of 
the matter that might be contained in them mult be de- 
ducted from the other two equal quantities, to leave the 
real attraction of thofe two fides; then fubtracting the 
remainder to the South fide from that of the Northern 
fide, there will at lait remain the joint effect of all the 
matter below the plane in the Northern direction : but 
as the one remainder is to be fubtracted from the other, 
the two equal quantities may be omitted in both, and 
only the effects of the vacuities brought into the account, 
which being twice fubtracted, their figns become con- 
trary to thofe of the parts above the horizontal plane ; 
that is, the effect of the Southern vacuity is affirmative, 
and that of the Northern one negative. But for the 
Northern obfervatory, when the attraction towards the 
South is to be found, the contrary names take place; 
that is, in the elevations the Southern parts are affirma- 
tive, and the Northern parts negative; but in the vacui- 
ties or depreflions, the Northern parts are affirmative, 
and the Southern ones negative. 

According 
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According to the foregoing method the plan of the 
ground was divided into 20 rings by cquidiltant con- 
centric circles, defcribed about each obfervatory as a cen- 
ter; and each quadrant was divided into 12 parts or 
fectors by lines forming, with the meridian, angles whofc 
fines are in arithmetical progreflion; by which means 
the fpace in each quadrant was divided into 240 fmall 
parts, making almoft a thoufand of fuch parts in the 
whole round for each obfervatory, or near 2000 for the 
two obfervatories. This was judged to be a fufficiently 
great number of parts to afford a very confidcrable de- 
gree of accuracy ; or at leaft that number was as great, 
and the parts as fmall, as was well confiftent with the 
degree of accuracy afforded by the number of points 
whofe relative altitudes had been determined. 

In this divifion the common breadth of the rings, or 
the common difference of the radii, is 666^ feet; and 
the common difference of the fines of the angles formed 
by the radii and the meridian is ^jth of the radius; and 
confequcntly, thofe angles arc expreffed in degrees and 
minutes as here follows, viz. 4° 47', 9 0 36', 14 0 29', 

19*28', 24 0 37', 3<>*o', 35 0 41', 41° 48'-;, 48° 35'. 
56° 26'-:, 66° 26'^, 90° o'. 

Tab. ix. contains a fmall plan of the principal and 
moft central part of the ground, accurately divided in the 

I 2 above 
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above manner for one of the obfervatorics, namely, the 
Northern one, with the places of all or raoft of the 
points which fail within this part of the ground, accu- 
rately laid down and marked with dots, as alfo fuch of 
the included letters as have been before mentioned in 
this paper. 

In this plate rabcd, &c. is the chain of ftations 
around the hill ; n and K are the Weft and Eaft cairns on 
the extremities of the ridge of the hill; o the Southern 
obfervatory, and p the Northern one. Of this kind were 
made two large plans, one divided for each obfervatory, 
from which were eftimated the mean altitudes of the pil- 
lars erected on the fpaces into which they are divided. 

Thcfe altitudes are eafily eftimated when feveral of 
the points fall near and in the fmall fpaces or bafes, efpe- 
cially when they are near the middle of them; but, nu- 
merous as the points are, there are evidently many bafes 
in which none at all are contained, nor even near them. 
This circumftance at firft gave me much trouble and dif- 
fatisfaclion, till I fell upon the following method by 
which the defect was in a great meafure fupplied, 
and by which I was enabled to proceed in the eftimation 
of the altitudes both with much expedition and a confi- 
derable degree of accuracy. This method was the con- 
necting together by a faint line all the points which were 

of 
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of the fame relative altitude: by fo doing, I obtained a; 
great number of irregular polygons lying within, and 
at fome diitance from, one another, and bearing a confi- 
derable degree of refemblance to each other: thefe poly- 
gons were the figures of fo many level or horizontal lec- 
tions of the hills, the relative altitudes of all the parts of 
them being known; and as every bafe or little fpace had 
feveral of them pafling through it, I was thereby able to 
determine the altitude belonging to each fpace with, 
much eafe and accuracy. In this eftimation I could ge- 
nerally be pretty fure of the altitude to within ten feet, 
and often within five, which on an average might be 
about the 100th part of the whole altitude; and when 
we confider that the number of fucli eftimated altitudes 
is very great, and that it is probable the fmall errors 
among them would nearly balance one another, the de- 
fect of thofe that might be reckoned too little being com- 
penfated by the excefs in thofe which might be taken too 
great, we need not hefitate to pronounce, that the error 
ariling from the eftimation of the altitudes is probably 
ftill much le(s than that part. 

It was neceflary to determine thefe altitudes of the 
pillars, in order to compute the fines of the angles of 
elevation fubtended by them, as the theorem requires 
the ufe of thefe fines ; and the very eafy method ufed in 

deducing 
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deducing the latter from the former mall be explained 
after we have, as below, regiitered the altitudes of all the 
pillars as they were computed. This regifter confiits of 
fixteen tables, namely four quadrants of fpaces in the al- 
titudes, and four in the depreffions, for each obfervatory, 
as fpecified in the titles of them. The numbers are feet, 
like all the other dimenfions. The numbers on the fame 
horizontal line from left to right are fuch as are all in the 
fame ring; and thofe in one and the lame vertical co- 
lumn are in the fame feftor, or between the fame two 
radii; the number of the ring, counted from the com- 
mon center, is written in the left-hand margin ; and the 
number of the vertical column or diftance of the fpace 
or feclor from the meridian, at the top; alfo the radius of 
each ring, that is, the line from the common center to 
the middle of the ring is written on the fame line with 
it, in the right-hand margin. It may be further re- 
marked, that in fuch little fpaces as were cut through by 
the boundary line between elevations and depreffions, 
thereby making but a part of fuch fpaces in each of 
thofe denominations, each fpace was accounted as a whole 
one; but then the mean altitude or depreffion in each 
part was diminifhed in the proportion of the whole fpace 
to the part of it fo included in the boundary. The alti- 
litudes and depreffions are put down firft with refpeel to 

the 
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the Southern obfervatory o, ami then for the Northern 
obfervatory p; and in each, the altitudes are placed firft. 



1. Altitudes above 0 in the N.W. quarter. 
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a. Altitudes above 0 in the N.E. quarter. 
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6. Deprcflions below o in the N.E. quarter. 
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7. Depreflions below o in the S.W. quarter. 
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8. Depreflions below 
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9. Altitudes above p in the N.W. quarter. 
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1 1. Altitudes above p in the S.W. quarter. 
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1 2. Altitudes above p in the S.E. quadrant. 
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. Depreilions below p in the N.W. quarter. 
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1 4. DeprciTions below P in the N.E. quarter. 
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1 5. Depreilions below p in the S.W. quar 
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IOO 


170 


220 


230 


130 








1*0333 


¥ 


130 


130 


90 


So 


90 


1 10 


140 


30 










11 coo 




.0 


20 




10 | 10 [ 20 


30 










|..<*7 
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1 6. Depreflions below p in the S.E. quarter. 



Rinp.1 I I * 


3 


4 | S 1 6 1 7 I 8 I 9 I 




11 | T2 |Ra<1ii 


JU "1 






1 1 1 1 




1 8aT| 4333 


8 | 20 1 30 


3° 




1 1 1 




| 2 1 0 1 5000 


9 


2bo 


290 


290 


280 


240 1 ijo 1 30 | 




1 270 1 5^7 


10 


420 


440 


4SO 


440 


420 | 370 | 270 | 140 I 





_ _ ! 33^ 1 6333 


1 1 


JJO 
500 


540 


560 

"520 


<;6c 


550 1 480 J 430 J 330 


15 c 
290 


40 

230 
"480" 
630 
760 


40 1 431J | 7000 


12 


510 


5 So 


630 | 600 1 500 | 430 


200 
.340 

It? 
710 


030 1 7667 


J3_ 

»4 


450 


430 


420 


410 


430 1 S7Q 1 6 3Q 1 53o 1 43° 


7 f o 1 8 *33 
830 | 9000 


360 


330 


310 


290 


280 1 330 1 510 | 670 


590 
77Q 
630 


»5 


240 


230 


220 


2 CO 


180 [200 1 330 1 530 


870 | 9667 


16 


180 


160 


150 


130 


1 10 1 140 | 230 | 330 


830 


790 


880 j 10333 


»7 


110 


80 


So 


40 


30 | 90 | 190 1 280 
j 10 | 150 | 260 


50c 
400 


860 | 830 


860 1 1 1000 


18 


10 








760 


U3° 
1 770 


760 |i 1667 
630 


'9 

20 




I 70 | 2 30 


3?o 


600 


| 10 | 180 


290 


53° 1 6 9o 


53»|'3ooc 



It remains now to find the fines of the vertical angles 
fubtended by all the foregoing altitudes and depreflions, 
fince the fum of thefe fines is what we are in qucft of. 
Each altitude or depreflion is the perpendicular of a 
right-angled triangle, of which the given radius {landing 
on the fame line with it in the right-hand margin is the 
bafe, or other fide about the right-angle ; and by the re- 
folution of the right-angled triangle, for each perpendi- 
cular, the fame number of corrcfponding fines will be 
found. But with fuch data the tangent of the angle is 
much eafier to be found than the fine, and the analogy 
for that purpofe is this, as the bafe : to the perpendicu- 
lar : : 1 (radius) : the tangent required, which will there- 
fore 
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fore be found by barely dividing the given perpendicular 
by the bafc; and if we find this number in its proper 
column in a table of fines and tangents, on the fame line 
with it, in the column of fines will be found the fine of 
the angle required. This feems to be the eafieft way of 
rcfolving all the triangles when computed feparatcly. 
But as the labour would be very great in performing fo 
many hundreds of arithmetical divifions, 8cc. either by 
logarithms, or by the natural numbers, inftead of it, the 
following method, propoled by the Hon. Mr. cavendish, 
was adopted, as being a much more expeditious way of 
obtaining the Aim of the fines required. This method 
confifts in finding, in a very cafy manner, the difference 
between each tangent and its correfponding fine, from 
the given bafe and perpendicular, and then, fubtra&ing 
the fum of all the differences from the fum of the tan- 
gents, there remains the fum of the fines. Several ad- 
vantages attend this method of proceeding: for, to find 
the tangents we need not divide every perpendicular fc- 
parately by its correfponding bafc, but add together all 
the perpendiculars that arc on the fame line, and divide 
their fum by their common bafe, which is the radius of 
the middle of the ring, and is placed on the fame line 
with them towards the right-hand; for thus we (hall 
have little more than a twelfth part of the number of 

divifion* 
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divifions to perform : alfo a great part of the tangents are 
fo fmall that they do not at all differ from their corref- 
ponding fines in the number of decimals that it is necef- 
fary to continue the computations to, in all which cafes 
the trouble of finding the differences is faved; and thofe 
differences which it is neceffary to compute, are very 
readily found by infpection on a peculiar kind of Hiding 
rule, which was conftruclcd for this purpofe, and of 
which I fliall here give a fhort defcription. 

This rule (the figure of which is rcprefented tab. x. 
fig. 2.) confifts of three columns; one marked af or 
bafe, which is moveable by Aiding it up or down by the 
fide of the other two which are fixed; of thefetwothe one 
contains the perpendicular altitudes or depreflions, and 
the other the differences between the fines and tangents 
to the radius 1 . To conftrucl: the numbers on this rule ; 
form a feries of logarithmic tangents in arithmetical pro- 
grefiion, of which the lirft term is 9*000, and the com- 
mon difference '025; take out from a table the cor- 
refponding natural tangents, and place them in the iirft 
and fecond columns of bale and perpendicular, and the 
difference between the natural fine and natural tangent 
in the laft column, marked Diffi To make ufe of this 
fcale; look out any bafe and its correfponding perpendi- 
cular in their proper columns, that is, any radius and its 

cor- 
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correfponding altitude or depreflion in the fixteen fore- 
going tables, without regarding the number of places 
they contain, and bring them to correfpond; then, if 
they confift of the fame number of places, the lower in- 
dex on the Aider or firft column, or that anfwering to 
iooo, points to the true difference between the fine and 
tangent in the laft column; but if the number of places 
in the bafe exceed that in the perpendicular by one, the 
upper index 100 muft be ufed. And in this manner 
were computed all the differences which were neceflary 
to be found, and placed in their proper fquares formed 
by the meeting of the horizontal and vertical lines, or 
rings and fectoral fpaces, in the following fet of fixteen 
tables, which correfpond to the foregoing fet of fixteen, 
each to each, according to the number of them, and 
marked at the tops with the numbers i, 2, 3 &c. to 1 2 
for the fectoral fpaces, and with the number of the rings 
on the left-hand margin. Alfo, in the column imme- 
diately after the number of the ring are placed the radii 
which formed the laft column in the preceding tables; 
then, in the third column, are placed the fums of the al- 
titudes and depreflions found in each line of the former 
tables; and, in the next column, the quotients found by 
dividing the numbers in the third by thofe in the fecond 
column; thefe quotients are the fums of the tangents 

belonging 
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belonging to each line or ring, which being all added 
together, their total is placed at the bottom of the co- 
lumn : after this follow the twelve columns of differences 
l>efore mentioned, which are fucceeded by one more co- 
lumn containing the fums of each line of thefc differ- 
ences, which fums being added together, their total is 
placed at the bottom of them; and this total is the fum 
of all the differences between the fines and the tangents, 
and it is therefore fubtracted from the total of the tan- 
gents in the fourth column, when there remains the fum 
of the fines as required. 



i. For the fum of the fines of alt. above o in the 

N.W. quarter. 



Riop. 


Radii. 


Sum of 
Pcrpcn. 


3~2 = 

">um of 
Tang. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1 1 


1 2 


Sum 01 
D.ff. 


I 


333 r 


2'7S 


6-525 


88 


I03|i03|i03|97 


97 


it 


7^ 


5> 




10 


) 


•883 


2 


IOOO 


"1265 


6-265' 


90 
86' 


88|8;|«4 


82(78 


?Sl.S''> 


2 1 


*o 


♦ 


7^0 


3 


1667 


ioo 4 | 


6-027 


79. 
12 


87 


87 


88 |97|93l 6 4|48 


7 


1 


758 


4 


2333 




3-986 


«2 




>7 


23|27|39 


43|45 


16 


4 






5 
6 


3000 

"36&T 




2-425 






1 


2 


3 


6J11 


i6|i 7 


'.3 


■< 






1-280 












' > 1 1" 




<) 


i 






7 


_4333 


2735 


0-631 












1 




3 


I 




6 


~8 


5_°°S_ 


1625 


o-32S 












~T~ 
1 


1 

1 


1 


1 




2 


9 


5667 


67O 


| 01 18 












lO 


*333 


60 


0-009 












1 


1 







27*591 — lum of tangents. 
2-796 = fum of the cliff. 



Sum of 



djlT. 



2-796 



24795 = fum of the fine* of alt. above o io the N.W. 
quarter. 
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2. For the fum of the fines above o in the N.E. quarter. 


Ring*. 


Radii. 


Sum of 
Pcrp. 


bum of 
Tan?. 


1 I 
1 1 I2 

1 1 

|97|92 


1 1 

3 4 
1 


5|' 6 
1 


I 

7 

J' 

i. 
3 


18 9 

»|43l33 


lofi-r 
1. 
24l'S 


umot 
17 Dif. 


I 


33 


•9«>5 




I92 


87]8c|- 1 


2 


1000 


1 53<>0 




|6tS|b 7 


\h 

|S> 


' J - 


svis' 
4?U' 


iU 3 (35 
li'l-'S 


*3l9 
'°1»3 


• l_S4« 
1 L_**33 

l| 1 >4 


3 


1667 


1 8i7S 


496 S 


♦ 


-333 1 ?SiS 


.V238 ]io 


K 


i|IO|lO 


1C|M 

>r« 


J 


m'm' 1 s 


'3l 8" 


c 1 3 GOO ( 4-1 IP 


1*470 










|2j2|2!4 


6 | 3667 


1 '937 
1 S »o 


. -528 


. — 








1 1 


1 1 I'I'I I » 

1 1 1 1 1 1 


7 1 433 i 












1 




8 | sooo J So 


•oio 








1 1 1 


] 1 1 I 1 1 




21'GCO — fum Ot the Utigcuii. | 1 808 
1-808 = fum of tlic differences. 
I 19*792 = fum of the fines. 


3-1 

abo 

T 


•"or the fum of the fines 
ve oin the S.W.quarter. 


4. For the fum of the fines 
above 0 in the SJE. quarter. 


_!33t_ 


10 | 0 030 




16 1 io 333 


to 1 o-ooi 1 


2 


1000 


'5 1 _L5 





17 | I1COO 


23O 1 21 1 


3 


1667 


5 


»- — 




18 1 11667 1 


830 1 7' 


12 


7667 


40 


5 




'9 1 t2 333 


1450 | 118 j 


J3_ 


8333 
9 000 


60 


7 




20 | 13000 | 


2130 j 164 j 


I 14 


100 


11 




I 0-375= fum 
of the tangent*, or of the finei, the 
diff. being nothing. 

\ 

■-■•», • - - » 
• r*** 

.*♦■.** '* 

."*.«*•■ - ' 
■ t ■ »■ , 

** , J .. - J 


>5 


1 9667 


200 


21 




16 


i°333_ 




190 




17 
18 


1 1000 | 
1T667 


577 0 


338 

495 




JL?_ 
20 


12333 
13000 


7260 
8920 


573 t 
686 | 


of the tangents, or fu 
At the diffTbetwcco tb 
in tkii quadrant. 


2*374 = fum 
m of the finci, 
em ate nothing 
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5. For the fines below o in the N.W. quarter. 





Radii. 


Sum of 
Vrra 


3-T-2 = 

Sum of 
Fang. 




3 


4 


5 


6 


7 


8 


9 


10 


1 

1 1 


13 


"mm of 
Diff. 


6 






0-040 | | 














— 


— 








"7 
8 


5000 


970 


224 1 j_ 
























2370 


474 l_l 
























_?. 
10 

1 1 

12 

13~ 
H 


. J333 


43 2 S 
5910 


763 | i | 1 

933 1 1 n 7 " 


1 
1 






1 














I S 
6 


7000 
7667 


7520 


1-074 | ij 1 


1 






• 


1 












1 7 


9280 


1-2IO 1 2 J 1 


1 




• 




< 












1 9 


_.*333 
9000 


10140 

10700" 


1-2-9 n»n 1 

~«"-078""T«~|jLl 


1 




< 
















10 




r! 




• 


< 












0 


•S 


9667 


11580 


1-198 1 1 1 






> 
















10 


j6 


J°333j 


ti97° 


'•'S9 




1 


1 1 1 


•1 


1 






"i 






9 


'7 


1 1000 


1 2250 


1*105 


LlLL 


T 


•!• 


1 1 




10 


18 
»9 


1 1667 


12280 


1-052 














p 




to 


_li333_l 

IjOOO 1 


~~»*7*>~ 


1-034 


I 


.|i . 


'ft 






4- 






8 


20 


13940 


» 072 


1 I'l'l'l'l' 












8 




13-635 =: r'utn ot the tangent). 

•101 ~ lorn of the difference*. 
13-534 — fum of the fines. 


•*oi 


6. For the ium of the fines below 0 in the N.E. quarter. 


1 1 1 !«h!3U!s|6|7|8 


9 


[O 


I 1 1 1 2 




6 | 

7 1 

8 | 

_?_! 

10 ] 

1 1 l 


^6b7 | 180 | 0-049 MM 


1 1 
I I 


1 










433* 1 1,00 




__LL 
1 l 

■||i|T 
















5000 | 2980 




i 


I 

■ 














_S667J 

__*33l.l 


5210 


919 




1 


H 






s 


7.?co 


1-153 l-l-l 1 




1 


1 1 1 


1 




0 


7000 | 


0*40 | 1-349 | 1 | 2 | 2 




1 




1 




10 


12 | 7667 | 


1 1460 | 1-495 | 2 j 2 j 2 




2 


1 1 1 1 1 


J- 


I | 


'5 


i3 1 
•4 1 


_«333 | >3o8o_. 


«S7° 1 
'•477 


1 1 1) 1 


1 


2 




1 | r 




ij. 


9"XiO | 1 ^290 


,|.|T 


1 




~i | . | . 


TJT 


1 | t 


12 


15 | <)667 | 1 2670 | 1-311 | 1 | 1 | 1 




1 


.|.|. 




1 | 1 


1 1 


~ f > ! ~°333 ! ' -it* 0 ' | T 177" | \ 1 | 


1 




«rr- 






"V 


17 j 1 1000 | 1 1850 | 1-077 | j | 1 






• 1 i« 




I | 1 


6 




12-441 — lum °f lnc tangents. 

•085 == fum of the differences. 
12-356 = turn of the fines. 


•085 



Is 1 
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7. For the fum of the fines below o in the S.W. quarter. 



Ttmj^. 


Radii. 


S u in f » t 

C U III vl 

Dep. 

r 


J- 2 = 

r-um of 
Tan R . 


1 


2 


3 


4 


5 


6 


7 


s 


•) 


IC 


1 1 


1? 


Si 1 til fit 

DiflT. 


I 




U4S 


4'S3S 




♦7 


4?|40 


.i? 




1 


'7 


t" 


2 




•344 


2 


1000 


34(10 


3-400 


"*8|i7 


i6|2s|i9 


1; 


I'i 


9 


>> 


5 


2 




«77 


3 




1 S370 


3-222 


•■■ 




17 


1 5! '3 


iS 


16 


<> 


s" 


4 


2 




'31 


4 


2 -33 


I &C50 


2'8jO 


'5 


1 -r 


1-31 12 


|.o 


8 


8 


7 


5 


3 


2 




f /S 


5 


3000 


1 , 

L 7° 4 ?. 


™ 

2-547 


9 


«» 


9 


8|6 


h 


ST4| 




3 


2 






6" 


"3667" 


02(10 


a'2S3 


5 


5 


Is 


Lsls 




s 


.i 


3 


2 






44_ 


_7 


4333 


8260 


1*906 










3 1 3 


3l 


<" 




2 


2. 




J 5 


8 | 5000 


7840 


~i ; S68"" 


■ 


«" 




■ 






• 


> 


- 


.' 


2 


1 


«S 


9 


5667 


6580" 


l-i6i 


1 




' 




> 


1 






1 


1 


1 




1 1 


10 


6 333 


5680 




1 
















' 


1 






S 


1 1 


7000 


4450 


636 






.„LL 


... 
















3 




7667 


3160 


412 






1 


1 ' U _U_ 




1 1 


2 


-3 


8333 


2 190 


\ 263 






1 


Mill' 




1 


'4 




1250 


'39 






1 


1 




1 


i 


1 




1 






-5 


9667 


570 


59 






r 






I 








1 








I0 33? 


210 


20 






i 


1 


1 


1 


1 


1 




I 







25-728 = fum of the tangents. | -922 

0-922 — fum of the differences. 
24-806 — fum of the finei. 
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8. For the fum of rhe lines below o in the S.E. quarter. 



Ritiji 


Radii. 


Sum of 
Dip. 


3^ 2 - 
Sumot 

Tang. 


1 


1 


3 


4 


5 


6 


7 


1 s 

J 




IC 


1 j 


1 2 


u:m r f 
UiC 


1 


I_3>3? 


'5'° 


4-y°_ 


I *T 
h' 


r 1 


+> 


43|4°li5 


-7|-» 




•3 




1 T 


— 

1 '357 


2 


| 1000 


41 ;0 


4' I 23 


1 18 


* < 


■>K 


•8|2M 


ill 




hi 


1 : 


'3 


K 


h 


! 2< ;* 


3 1 ,{J( >7 

4 | 233? 


6510 
8070 


_3-.9o6~ 
3"45<) 


|2 1 

\Y(\ 


• : 

r 


■ i 
' S 


■llll 

mITs 


|n 

I'm 


2 |i9li6|i3>9 j 1 
i4|u|r*jio| 6 j 1 


1 s 






M 


\ i ■ 








<> 


I 9 


{ ) 


!« 


< 


h 


95 


I 0 


1 3 6l> 7 


9>3o 


| 2 S3' 


hi 


> 


s i_s 




Is 


5 


hi 


'1 


i>:: 




1 > 


57 


l 

7 




84.40 1 1-948 


hi 


■ 


- 




! 




-| 2 L3j4|3l 1 


27 


8 


1 5000 


74-0 


1 l'40» 


hi 


■ I 


■ 






I*' 


1 


hi 


1 


h 




• 


<4 


9~ 
10 


! 5^7 
1 <>333 


_ t> "3° L J.'J^ 
6070 1 058 


i' 1 
! 


! 








1 

hi 




1 l 
1 1 


1 

1 


V 


1 


11 
[ r 


6 

5~ 


1 1 


7000 


5"° 


73° 


1 1 


1 




1 




n 




hi 










5 


12 


766-7" 


4210 


549 


1 


1 








■1 




1 1 








1 


3 


•3 


1 »333 


3S4=> 


42 S 


1 1 




1 1 


hi 1 


] 


1 


3 


•4 


0000 


3370 


374 


1 1 










■ I 




1 


1 


3 


IS 


9607 


3020 


3'3 


1 1 










1 




.11 




1 


2 


16 


'^3331 


2680 


259 


! 1 










1 




1 


1 


1 


2 


>7 


1 io;o 1 


2310 


210 


1 1 1 


1 








1 




1 


1 


■8~ 


1 1667 


«97S 


169 


1 II 


1 






A 




J 
1 


1 


1 


t 


»9 


'2333 


'730 


140 


II LL 






1 




1 


1 




20 


13000 


1520 


117 


1 


1 


! 


1 








1 


1 


! 


1 


1 








30-403 = 
1*190 = 


fum of the tangents, 
fum of the differences. 










1-190 








29 213 rr 


fum of the finrs. 
















9. For the fum of the fines] 10. For the fum of the fines 
above p in the N.W.quarter. [above p in the N.E. quarter. 


4 1 


1 


10 I 


004 | 






I 


333i 




10 


1 ' 0 3° 


1 


s 1 


3000 ] 


JiJ 


5 1 




- 


2 


1000 


1 


10 


1 


10 


1 


— 1 


3°°7 1 


»s 1 


4 1 






3 


1667 


1 




'5 






9 




7 


43*3 1 


»s 


* I 


1 4 


2 333 




60 




26 




8 


5000 | 




3 




5 


3000 






T 


13 










0 019 — fum 




6 


3667 


1 




s 


1 




2 




of the tangents, or (um ot the lines, 
at they have no difference in this qua- 
drant. 


of the 
they be 


tangenti, 

ing equal 


1 0*090 — fum 
or fum of the fin-t, 
in thin quadrant. 



1 
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1 1 . For the fum of the fines above P in the S.VV. quarter. 





Radii. 


Sum of 

Alt. 


3r-i = 
Sum of 
Tang. 


1 


2 


3 


4 


5 


6 


1 
1 


y 


1 c 


1 1 


— ■ 
,2 


un» of 
D.lF. 


1 

2 


3$Vr_ 


1 1 IO 

3 1 5° . 


33"3i 0 _ 
3-150 


'7 
iS 


I? 
«7 


'5 

1 it 


f~5 
'4 


'3l'3 

«3|i2 


I;|l2 
lljlO 


|,o|8 

l"6'i'.s 


~6~ 
»' 


IE 
1 


Ji39, 


3 




A"Rn 1 
V / ou 


4-oi8 [ 2 8J 


28)28 




"3|i4|S 


1 


248 


_4 
5 


_ 2 333 


lo 9 3° 
13740 


4-684 | 
4-5«° | 


3' 
18 


3*139 
J 3l34 


4Cj 4 i|42|38;34|^ 
33l3 8 l39l37|34|33 


i8| 7 
26(14 


1 

*! 


361 
33 1 


u 


3667 


1 1240 


3 •005 


.3 


s 
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1 1 3. For the turn of the fines below p in the N . W. quarter. 
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1 5. For the fum of the fines below p in the S.W. quarter. 
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Having now obtained the fums of the fines for the 
feveral quadrants, the next bufinefs is to collect them 
together, and deduct the negatives from the affirmatives. 
And this may be done either for each obfervatory fepa- 
rately, or for both together. I fliall do them feparatcly, 
in order thereby to difcover alfo the ratio of their effects. 

And, firft, for the Southern obfervatory o. 
Affirmatives. Negatives. 
1 . . S4 -79S N-W-W. 3 --*-374S.W. ^ 

2 . . 19*792 N.E. J 4 . . 0*375 S.E. J 

7 .. 24*806 S.W. i 5 .. 13*534 N.W.i 

8.. 29*213 S.E. J P * 6. . 12*356 N.E. j P* 

98*606 = fum of affirm. 28*639 ^ um « 

28*639 =fum °f negat. 



69*967 = effective fum of the fines for o. 

Secondly, for the Northern obfervatory p. 
Affirmatives. Negatives. 
11 . . 25.078 S.W. 1 A - 9. . 0*019 N.W.l . 

12.. 20*261 S.E. J 10.. 0*090 N.E. J 

X3-- 25*637 N * w -T nen i5-a*774S.W. \ 
14.. 26*161 N.E. V** i6.. 5 *6ioS.E. i Uep * 

97*137 = fum of affirm. 8*493 
8 *493 = fan* of negat. 

88*644 = effective fum of the fines for p. 
69*967 = the fame for o. 



1 5 8*6 1 1 = the fum of the fines for both obferv. 

M From 
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From thefe numbers it appears, that the effect of the 
attraction at the Northern obfervatory is to that at the 
Southern one, nearly as 70 is to 89, or as 7 to 9 nearly. 
This difference is to be attributed chiefly to the effect of 
the hills on the South of the Southern obfervatory, which 
were confiderably greater and nearer to it than thofe on 
the back of the Northern obfervatory. For although the 
Southern obfervatory was placed 273 feet above the level 
of the Northern one, which removed it confiderably 
more above the center of gravity of the hill than the lat- 
ter was, it was at the fame time placed confiderably 
nearer than the other to the middle in a horizontal direc- 
tion ; fo that probably the one difference nearly balances 
the other; and accordingly we find that the fum of the 
affirmative altitudes for o is 44*587, and of thofe for p 
45*339, which differ by only a 45th part nearly. 

It only remains now to multiply the fum of the fines 
by the common breadth of the rings, and by the common 
difference of the fines of the angles made by the meri- 
dian and the feveral radii. It has already been obferved, 
that the former is 666}, and the latter therefore 
T V x 666 } = ^ = ^ is their product: confequently, 
I58'6iix^' = 88iij nearly, is the fum of the two op- 
pofite attractions made by the hill, &c. at the two obfer- 
vatories. 

In 
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In order now to compare this. attraction with that of 

■ 

the whole earth, this body may be confidered as a fphere, 
and the obfervatories as placed at its fur face ; fince the very 
fmall differences of thefe fuppofitions from the truth, are 
of no confequence at all in this comparifon. Now the at- 
traction of a fphere, on a body at its furface, is known to 
be = ±cd t where d is = the diameter of the fphere, and c = 
3*1416= the circumference of the circle of which the dia- 
meter is 1 . But cd is = the circumference of the circle to 
the diameter*/; and therefore the attraction of a fphere will 
be exprefied by barely | of its circumference; which is a 
theorem well adapted to the computation in hand. The 
length of a degree in the mean latitude of 45% is 57048 
French toifes (fee p. 327. Phil. Tranf. 1768): and the 
fame refult nearly is obtained by taking a mean among 
all the meafures of degrees there put down, that mean 
being 57038 toifes. .1 mall therefore ufe the round 
number 57030 as probably nearer, the truth. This 
number being multiplied by 6, the product 342180 
fliews the number of French feet in one degree; but, 
by p. 326. of the fame volume, the lengths of the Paris 
and London feet are as 76*734 to 72, that is, as 4*263 
to 4; therefore, as 4: 4*263 :: 342180 : 364678 = the 
Englifh feet in one degree; and this being multiplied by 
360 the whole number of degrees, there refults 

M 2 131284080 
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131284080 feet for the whole circumference, which 
are equal to 24864.7 miles, making 69-^ to a degreee in 
the mean latitude. Laftly, } of 13 1284080 give 
87522720 for the meafure of the attraction of the 
whole earth. 

Confequently, the whole attraction of the earth is to 
the fum of the two contrary attractions of the hill, as the 
number 87522720 to 8811}, that is, as 9933 to 1 very 
nearly, on fuppofition that the denfity of the matter in 
the hill is equal to the mean denfity of that in the whole 
earth. 

But the Aftronomer Royal found, by his obfervations, 
that the fum of the deviations of the plumb line, pro- 
duced by the two contrary attractions, was 1 1 *6 feconds. 
From hence it is to be inferred, that the attraction of the 
earth is actually to the fum of the attractions of the hill, 
nearly as radius to the tangent of 1 1*6 feconds, that is,, 
as 1 to '000056239, or as 17781 to 1; or as 1780410 1 
nearly, after allowing for the centrifugal force arifing 
from the rotation of the earth about its axis. 

Having now obtained the two refults, namely, that 
which arifes from the actual obfervation*, and that be- 
longing to the computation on the fuppofition of an 
equal denfity in the two bodies, the two proportions com- 
pared mull give the ratio of their denfities, which is 

that 
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that of 17804109933, or 1434 to 800 nearly, or almoft 
as 9 to 5. And fo much does the mean denfity of the 
earth exceed that of the hill. 

Thus then we have at length obtained the object 
which we have been in queft of through the very labo- 
rious calculations that have been defcribed in this paper, 
and in the furvcy and meafurements from which thefe 
computations were made; namely, the ratio of the mean 
denfity of all the matter in the earth, in comparifon with 
the denfity of the matter of which the hill is compofed. 
And that ratio we have found to be equal to the ratio of 
9 to 5. And, for the rcafons before mentioned, 1 think 
we may reft fatisfied, that this proportion is obtained to a 
confiderable degree of proximity, probably to within the 
fiftieth part, if not the hundredth part of its tine mag- 
nitude. Another queftion, however, ftill arifes, namely, 
what is the denfity of the matter in the hill? Is its mean 
denfity equal to that of water, of fand, of clay, of chalk, 
of ftone, or of fome of the metals? For, according to 
the matter, or different forts of matter, of which it is 
formed, and according as it is conftituted with or with- 
out large vacuities, its mean denfity may be greater or 
lefs, and that in a degree which is not certainly known. 
A confiderable degree of accuracy in this point could 
only be obtained by a clofe examination of the internal 

ftruclure 
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ftru<£ture of the hill. And the eafieft methotl of doing 
this would be to procure holes to be bored, in fevcral 
parts of it, from the furface to a fuflicient depth, after 
the manner that is practiced in boring holes to the coal 
mines from the furface of the ground; for by fuch ope- 
ration it is known what kind of ftrata the borer is palTed 
through, together with their dimenfions and denlities. 
The proper mean among all thefe would be the mean 
deniity of the hill, as compared to water or to any other 
fimple matter; and thence we fliould obtain the compa- 
rative den fit y of the whole earth with refpect to water: 
but in the prefent inftance, we muft be fatisfied with the 
cftimate ariiing from the report of the external view of 
the hill ; which is, that to all appearance it confifts of an 
tntire mafs of folid rock. It is probable, therefore, that 
we (hall not greatly err, if we afllime the denfity of the 
hill equal to that of common ftone; which is not much 
different from the mean denfity of the whole matter near 
the furface of the earth, to fuch depths as have actually 
been explored either by digging or boring. Now the 
denfity of common ftone is to that of rain water as 2^ to 
1 ; which being compounded with the proportion of 9 
to 5 above found, there remits the ratio of 4I- to 1 for 
the ratio of the denfities of the earth and rain water; 

that 
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that is to fay, the mean denfity of the whole earth is 
about 4I times the denfity of water. 

To what ufeful purpofes the knowledge of the mean 
denfity of the earth, as above found, may be applied, it 
is not my bufinefs here to fliew. I fliall therefore put an 
end to this paper with a refleaion or two on the premifes 
before delivered. Sir isaac newton thought it proba- 
ble, that the mean denfity of the earth might be five or 
fix times as great as the denfity of water; and we have 
now found, by experiment, that it is very little lefs than 
what he had thought it to be : fo much juftnefs was even 
in the furmifes of this wonderful man ! Since then the 
mean denfity of the whole earth is about double that cf 
the general matter near the furface, and within our 
reach, it follows, that there muft be fomewhere within 
the earth, towards the more central parts, great quantities 
of metals, or fuch like denfe matter, to counterbalance 
the lighter materials, and produce fuch a confiderable- 
mean denfity. If we fuppofe, for inftance, the denfity of 
metal to be 10, which is about a mean among the vari- 
ous kinds of it, the denfity of water being 1, it would 
require fixteen parts out of twenty-feven, or a little more 
than one-half of the matter in the whole earth, to be 
metal of this denfity, in order to compofe a mafs of fuch 
mean denfity as we have found the earth to polTcfs by 

our 
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our experiment: or -fy or between j and £ of the whole 

magnitude will be metal; and confequently |4, or nearly 

i of the diameter of the earth, is the central or metalline 

part. 

Knowing then the mean denfity of the earth in com- 
parifon with water, and the denfities of all the planets 
relatively to the earth, we can now afiign the propor- 
tions of the denfities of all of them as compared to wa- 
ter, after the manner of a common table of fpecific gra- 
vities. And the numbers expreffing their relative den- 
fities, in refpeft of water, will be as below, fuppofing the 
denfities of the planets, as compared to each other, to be 
as laid down in Mr. de la lande's aftronomy. 

Water . . . 1 

The Sun . . 1^ 

Mercury . . 9^ 

Venus ... 542 

The earth . . 4^ 

Mars .... 3} 

The Moon . . 3^ 

Jupiter . . . i^l. 

Saturn ... 11 
Thus then we have brought to a conclufion the com- 
putation of this important experiment, and, it is hoped, 
with no inconfiderable degree of accuracy. But it is the 

firft 
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firft experiment of the kind which has been fo minutdy 
and circumftantially treated; and firft attempts are 
dom fo perfect and juft as fueceedinp, endeavour- .i[tcr- 
wards render them. And, betides, a frctiucnr repetition 
of the fame experiment, and a coincidence of refults, 
afford that firm dependance on the conclufions and fatif- 
faftiou to the mind, which can fcarcely ever be had from 
a finale trial, however carefully it may be executed. For 
thofe rcafons it is to be wiflicd, that the world may not 
reft fatisfied barely with what has been done in this in- 
ftance, but that they will repeat the experiment in other 
fituations, and in other countries, with all the care and 
precifion that it may be poflible to give to it, till an uni- 
formity of conclufions Ihall be found, fufficient to efta- 
blifli the point in queftion beyond any reafonable pofii- 
bility of doubt. What has been already done in the pre- 
fent cafe will render any future repetition more eafy and 
perfect. But improvements may be made, perhaps both 
in the mode of computation and in the furvey; in the 
latter, efpecially, there certainly may. Some improve- 
ments of this kind I have hinted at in fome parts of this 
paper, which with others I Ihall here collect together, 
that they may readily be feen in one point of view. They 
are principally thefe. Procure one bafe, or more if con- 
venient, very accurately meafured, in fuch fituation, that 

N as 
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as many more points as poflible in the furvey may be 
feen from it. A flume as many principal or eminent 
points and objects as may be proper and convenient ; and 
from each one of them meafure the angles formed by 
all the reft that can be feen, both horizontal and vertical 
angles, and repeat thefe obfervations, if convenient, with 
the inftrumcnt varied or reverfed, taking the means 
among the feveral quantities of each angle. Take then 
as many fections of the ground, and as far extended in 
all directions, as the time and circumftances win poflibly 
admit. Of the fections, thofe that are horizontal or level 
arc the belt, as they require no calculation; procure 
therefore as many as poflible of them. In vertical fec- 
tions obferve the vertical angles, not in the plane of the 
fection, but at fomc other point of which the bearing is 
alfo taken from the beginning of the fe&ion line, and 
where the horizontal angles of the poles are taken, for 
the reafons before mentioned in p. 35. And it will be a 
ftill farther convenience if the lection be made in fuch 
direction as to form a right angle with the line drawn to 
the point or ftation from whence the vertical angles of 
the poles are obferved, as may be feen from what is faid 
in p. 33. It might, perhaps, be proper to make fome 
experiments on a valley inftead of a hill, taking two oh- 
fervatories at the two oppofite fides of it, both for the 

greater 
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greater variety in this interefting problem, and becaufe 
alfo the furvey would be more eafily made, on account 
of the ground being more in view at each ftation than in 
the cafe of a hill, which generally hides more than half 
the compafs from the obferver. In computing the rela- 
tive altitudes of all the principal ftations, let the opera- 
tions be performed mutually both backwards and for- 
wards, that is, from both of every two objects, having 
for that purpofe obferved at each of them the vertical 
angle of the other, namely, both the angle of elevation 
and the angle of deprelfion, and take the mean between 
the two computed differences of altitude; for this ex- 
cludes the neceflity of making the proper allowances for 
refraction, and for the curvature of the earth ; fmce the 
effect of each of thefe is balanced and corrected by that 
of the counter obfervation. But as to thofc points in 
the fections which arc far diftant from the obferver, 
and where great accuracy is required, it may be proper 
to make the allowance for refraction and curvature, as 
there is generally no back obfervation by which their 
effects may be balanced. Thefe arc the chief hints 
which at prefent occur to me, bcfidcs the general infor- 
mation to be derived by the computer from the perufal 
of the modes of computation that have been defcribed in 
this paper. As to the furvcyor, he will ftrike out other 

convenient 
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convenient ways of meafurement adapted to the circum- 
ftances with which the nature of the furvey may hap- 
pen to be attended. 

A map of the country about Schehallien is hereunto 
annexed, to convey a general idea of the nature of the 
ground, and for the better illuftration of the defcription 
given in the former parts of this paper. This map is tab. 

XI. 

Woolwich, 
April 27, 1778. 






1 



Digitized by Google 



iTabVm 




Digitized by Google 



• - 



/ 



Digitized by Google 




Digitized by Google 




1 
4 

I 

i 



Digitized by Google 




Digitized by G6ogle 




Digitized by Google 



■ 




I 
t 



I 



i 



Digitized by Google 



